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EARTH RESOURCES DATA PROCESSOR
M. R. Phillips
lET Research Institute
SUMMARY
During the past several months and since the inception of
the Flight Data Statistics Office, a growing trend to analyze
and process Earth Resources Flight Data has prevailed. In view
of the growing interest at _rsb_!! Space Flight Center to or-
ganize and establish capabilities to perform research studies
in this area D endeavors in the areas of interpretation, analysis_
and development of algorithms have provided the necessary compu-
tational programming tools for data processing and data handling
and analysis. Algorithms that have been developed thus far, are
adequate and have been proven successful for several preliminary
and fundamental applications such as software interfacing capa-
bilities, probability distributions, grey level print plotting,
contour plotting, isometric data displays, joint probability
distributions, boundary mapping_ channel registration and ground
scene classification. This report is written in two sections.
Section I consists of the algorithms that have been developed
individually under the existing contract and section IS is a
description of an Earth Resources Flight Data Processor, (ERFDP),
which handles and processes earth resources data under a users
control.
SECTION I INTRODUCTION
In this section a description of each algorithm developed
under the existing contract will be presented. The algorithms
were developed as building blocks toward an automatic data pro-
cessor for processing earth resources flight data. Each algorithm
has been demonstrated to be compatible in an overall automatic
processing environment. These algorithms were developed using
an IBM 7094 computer with 32K available core storage.
I
i. PROBABILITY DISTRIBUTION
A probability density function was programmed, and the earth
resources data processor which is available upon request as an
option selection is included. This option gives a probability
density function for any number of channels, not to exceed 12,
of the multispectral data. This option is used when calculating
the slicing intervals of the probability distribution to provide
grey level mapping of any ground scene image. An estimate of
the probability density function is obtained digitally by divid-
ing the range of the data into a desired number of class inter-
vals di. The probability of occurrence of a value Xi in the
class interval is then given by
Pi(X) = Ni(X)/N ,
where Ni(X ) is the number of values that occur within the range
of di<X_ di+ I and
k-I
N=_ Ni
i--0
is the total size of the population where K = number of class
in terva is.
A. Computer Program
The computer program calculates the probability density of
any channel of a multispectral scanner consisting of 12 channels
of data. The distribution table is then printed out for all
channels requested, over all the data samples (see table I).
The program also passes to the grey level module the probability
distribution of each channel for grey level mapping.
2
3
NCH
NSPS
NSCANS
NSTART
NSTOP
NBTLG
MODE
ITYPE
MSFC
LTN
NSKIP
NCRE
XMAX
XMIN
NOCHS
NWHICH
B. Data Problem Parameters
Number of channels or spectral bands on input tape
Number of samples per record or resolution ele-
ments across one scan
Number of scans to process
Starting resolution element
Stopping resolution element
Bit length of input data word
Signifying FORTRAN or non-FORTRAN input tape
Type of input data; Floating point or fixed point
MSFC scanner format option
Logical unit to load input tape
Number of initial data records to skip before
processing
Data incrementation
Maximum value in data set
Minimum value in data set
Number of channels to calculate probability density
func tion
Channel selection for probability distribution
calculation
2. GREY LEVEL MAPPING
In order to preview earth resources data and obtain quick-
look information, a grey level mapping program was written to
include in the ERFDP. This gives a pictorial display of the
ground scene image quantized to I0 different levels. Characters
are selected to represent varying shades of grey. The levels
are calculated by slicing the probability distribution table of
selected channels into i0 separate cells (see Figure I). The
number of occurrences in each cell is equally distributed over
the probability distribution. This is done by calculating
equal areas for each cell using the trapezoidal rule method.
Each of the i0 areas would represent one cell of the probability
distribution. Each resolution element is compared with all the
cells, and the cell in which it falls is assigned the respective
alphanumeric character.
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A. Computer Program
The computer program was written as a module to be included
in the ERFDP. The logic provides communication with the prob-
ability distribution program, since information calculated in
that module is used in grey level mapping. The data are input
to the program module and each resolution element input to the
module is compared with each cell unitl it falls within the
quantized level of that cell. Each resolution element, xi, is
examined such that
SLICE (j-l) < x i_ SLICE (j)
where j -- 1,2,3 ..., Ii.
After the data point, xi has been quantized by this method,
it is replaced by its representative alphanumeric character and
plotted or printed. The plotting is output to the Stromberg-
Carlson 4020 recorder for display.
If automatic quantization is not desired, the program pro-
vides an option where the user can input quantized levels as a
table if other methods are desired (reference ERFDP users manual,
section II of this report).
NCH
NSPS
NSCANS
NSKIP
NSTART
NSTOP
ITERM
N
ICHAN
IPRT
B. Data Problem Parameters
Number of channels on input tape
Number of samples per record or scan
Number of scans to process
Number of scans to skip before processing
Starting sample number in the scan
Stopping sample number in the scan
Number of passes to make processing 120 samples
each pass
Number of quantized levels plus one
Selected channel used in grey level mapping
Option to print grey level
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IPLT
INCX
INCY
NSTX
NSTY
NBTLG
MODE
ITYPE
NC_
LTN
IOPT
Option to plot grey level
Increment in x direction for each sample
(rasters)
Increment in y direction for each sample
(rasters)
Starting x coordinates or plot frame
Starting y coordinates on plot frame
Bit length of input data words
Signifies FORTRAN or non-FORTRAN
Type of input data; Floating point or fixed
point
MSFC scanner format option
Data increment
Logical tape unit to load input data
Option to select automatic quantization
or input quantized table
3. CONTOUR PLOTTING
In the analysis and interpretation of earth resources data,
a useful tool is means of locating and outlining borders of
ground scene images and also plot the snow pack temperature pro-
files recorded by an electronic scanner. A computer program was
written to generate line plots, which is a line connecting points
of boundaries, specified altitudes, temperatures, etc., provid-
ing a graphical display of contour levels or borders of ground
scene images.
The data array to be plotted consists of the input data
array only. These data points are ordered in an x y coordinate
system. Four adjacent data points and their coordinates are
examined to determine if a specified value intersects any of
these four points. If an intersection occurs, these coordinates
are converted to plotting raster counts, and two points are
flagged. One point being coordinates of the entry point to the
four adjacent data points and the other being the coordinates
of the exit point of the four adjacent data points. If the inter-
section of a specified level continues to the next four successive
adjacent data points, then the coordinates of the exit point
become the coordinates of the entry point of the next four adja-
cent data points. A search continues for the coordinates of
the exit point and this procedure continues until the data set
is exhausted. Lines are drawn connecting the points, reflecting
continuity of the specified level. If the entry and exit point
of successive four adjacent data points exist, then a line con-
necting these points is continuous. Otherwise, there exists a
discontinuity and the points will not be connected. Continuous
lines of multiple levels can be drawn reflecting contours of
altitude, temperatures, and homogeneous area boundaries.
A. Computer Program
The computer program was written as a module to be included
in the ERFDPand was designed to contour data sets of infinite
lengths. However, only 2500 data points reside in the computer
at one time because of the physical storage limits. Since only
one block of data is processed at one time, the program auto-
matically reloads blocks of data and abuts each block to provide
a continuous plot of contours.
In Figure 2 contours of boundaries were plotted of the first
120 scans of field CI from the Purdue data set. The data were
blocked such that contours of 1776 resolution elements were plotted
which covered eight scans. Each resolution element covered eight
rasters on the plot frame, therefore each block abutted together
occupies 64 rasters. After the abutment process, the boundary
contours appear continuous. The boundaries that were contoured
are shown in Figure 3. The boundary contours are elongated slightly
due to scaling on the plot frame.
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NCH
NSPS
I&W
NCHAN
NSNCRE
NPCKE
NPTSL
NPTSU
NOTLG
ITYPE
MSFC
NSKIP
NAXSCN
NSECT
NSZX
MSZ¥
BI_(
FHINC
ZMIN
ZNAX
LAB
B. Data Problem Parameters
Number of channels on input tape
Number of samples in a scan
Logical tape units to load input data
Channel number
Number of scans to increment
Number of samples to increment
Lower starting point
Upper stopping point
Bit length of input data word
Type data on input tape; Floating point
or fixed point
MSFC scanner format option
Number of records to skip
Total number of scans to process
Number of sections to process
Data block size in x (samples)
Data block size in y (scans)
Plot frame block size in rasters
Contour level increment
Minimum contour level
Maximum contour level
Label interval
4. ISOMETRIC DISPLAYS
On occasion it has become necessary to preview the raw data
and to determine the physical appearance to better understand
the behavior of data collected from various ground scenes and
from different types of sensors. For this purpose an isometric
program was written to produce a two-dimensional projection of
a three-dlmensional graph of the raw data amplitude versus the
x and y ground scene coordinates.
° II
A. Computer Program
Program Isometric will handle any FORTRAN IV formatted
tape with up to 12 channels of data. Only one channel is plotted
per computer pass and the channel selection is based upon an in-
put parameter.
The program was developed to produce two-dimensional data
projections of ground cover scenes where data are gathered by
sensors aboard an aircraft. The data collected across the flight
line represent resolution elements, and the data collected along
the flight line represent scans. Any NXM array can be displayed
where N is the position in an array and M is the value to be dis-
played. The program does not require large amounts of core
storage since it performs a continuous operation on the NXM array
which is refilled before each operation.
The Stromberg-Carlson 4020 frame reference coordinates are
altered after each operation for proper scaling based on the input
parameters provided by the user. These parameters also control
the density of the points plotted and the angle of rotation de-
sired for display. Multiple plot frames are generated as neces-
sary to display all the input data. To provide frame abutment
for a continuous plot, the last row of each frame and the last
sample of each row is stored and repeated on the next frame.
NCH
NSPS
IRW
NCHAN
NSNCRE
B. Data Problem Parameters
Total number of channels per resolution
element on input tape
Total number of resolution elements per
channel across the ground scene
Logical tape number for input data
Number of the channel that isometrics are
to be displayed
Number of scans to increment along the
flight line; This provides an option to
use every scan line, every other scan
line, etc.
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NPCRE
NFTSL
NPTSU
MAXSON
YMIN
YMAX
NBLSZX
NBLSZY
NSECT
NSMOV
NDIREC
Number of resolution elements to increment
going across the flight llne; If every
resolution element is not desired, resolu-
tion elements can be skipped.
Starting resolution element number for
the isometric
Stopping resolution element number for
the isometric
Total number of scans along the flight
to display
The minimum value of the input data used
for calculating scale factors for plotting
the y axis
The maximum value of the input data used
also for calculating scale factors for
plotting the y axis
Stromberg-Carlson 4020 reference frame
coordinate increment in the x direction
Stromberg-Carlson 4020 reference frame
coordinate increment in the y direction in
raster counts (normal range 5 to 12)
NBLSZX and NBLSZY are used to determine
the degree of rotation of the isometric.
Number of passes through the data neces-
sary to display the full-scan width;
if NPTSL and N_TSU only cover a portion
of the data then NSECT can be adjusted
to cover all the data.
Examp le:
If NPTSL = i, NPTSU = 128 and NSPS - 256,
then NSECT = 2 will cover resolution
element 1 through 128 and resolution
element 129 through 256.
Number of points in a moving mean span
used in smoothing the input data; Set
to zero if smoothing is not desired.
Direction of the rotation of the iso-
metric; 1 = counterclockwise and
-I = clockwise rotation.
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A portion of flight line CI (Purdue data set) was used
in the following examples. Every resolution element and every
scan was used requiring two passes through the data. NSECT
was set to 2, but only one section is shown here. NBLSZX and
NBLSZY were set to 8 and 12 respectively and both counterclock-
wise and clockwise rotations were used.
Figure 4 shows scan lines 86-129 and resolution elements
I-iii of the total 222 elements of channel 8. NDIREC was set
to -i to rotate clockwise. Figure 5 shows channel 8 with only
NDIREC changed to +i to rotate counterclockwise. Figures 6
and 7 reflect identical isometrics using channel 2 of the same
data.
5. DYNAMIC JOINT PROBABILITY DISTRIBUTION
Extensive data analysis of data on hand has revealed inade-
quacies in the current joint probability distribution program.
The program was restrictive in that a fixed amount of square
storage array allocation was required. This meant that, the
greater the spread of the clusters of the joint probabilities
or individual data pairs, the larger the square storage array
required. This also required a screening of all the data to
determine the ranges of data pairs. After determining the data
ranges, the minimum square storage array required to display
the joint probabilities became NXM, where N is the range between
the minimum and maximum value of the X data in the joint pairs,
and M is the range between the minimum and maximum value of the
Y data in the joint pairs. As this clearly points out, this does
not adapt itself favorably to data that is ill behaved and pos-
sessing widely spread data clusters or widely spread individual
data pairs. Due to the physical limits of the computer storage,
in numerous cases, a considerably amount of data was lost. This
depended largely on the characteristics of the data and since
the primary function of the program was to display the dependent
characteristics of two data channels, this required rerunning
the program and making adjustments to the limits. Therefore,
the program became inadequate.
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A new technique has been employed, that adapts itself to
data of any nature, particularly cluster data where the data
clusters are tremendously scattered. The technique requires
only as much storage as actually required by the number of dif-
ferent data pairs and the size of the data storage required is
not dependent on the ranges of the data.
6. JOINT PROBABILITY DENSITY FUNCTION
A joint probability density function program is a necessary
tool in the analysis of earth resources flight data. This pro-
gram gives a preliminary insight to the commonality of occur-
rences observed from two time-series data traces.
For applications to feature extraction, the outputs of this
program give insight to the distinctness of different features
and the location of decision boundaries necessary to separate
different features.
The joint probability distribution is calculated digitally
by selecting a range [a, b] on both sets of data X, ¥ and divid-
ing the range into K in_.ervals. This gives
C _ b-____a. scale factor
K
To find the X and Y coordinate for each variable X and Y jointly,
an indexing pointer is calculated for each value of X and Y by
Ix - (Xn-a) and I - (Yn'a)
C Y C
An integer one is added to the coordinate P(Ix,ly) for every value
of X and Y in the interval [a,b]. The coordinate P(Ix,ly ) con-
tains the total number of occurrences.
19
A. Computer Program
Data points are paired (user option), given a class, and
are stored in two single arrays, one for the X coordinates,
NPx, and one for the Y coordinates, NPy. The number of data
pairs that are common is accumulated in an array NKNT (i) iden-
tifying the class and the number of occurrences, i, of that class.
The first data pair read from the input tape, will be as-
signed class number i automatically. All subsequent data pairs
read from the input tape, will be compared with all the indivi-
dual data pairs that have been assigned a particular class. If
no match is found during the comparison, a new class is created,
using this data pair. There can be up to 4000 different classes
of paired data points stored.
Once all the data pairs are classified, the data pairs are
arranged and sorted such that the Y coordinates or vertical data
are sorted in descending order and the X coordinates or horiz-
ontal data are sorted in ascending order. Data are rearranged
in such a way that the largest spread between the minimum and
maximum is displayed on the vertical axis, which is printed down
the print paper. An example of the three data arrays containing
the joint probability before and after the vertical sort is shown
in Figure 8a and 8b.
B. Core Storage Image
For any data configuration, the core storage image will
appear as in Figure 9a. Projecting this onto an NXM storage
array used in the conventional method, shows the wasted storage
which is used to store blanks (or no occurrences). See Figure 9b.
The conventional data storage method required for this example
is 6 x 7, or 42 core storage locations. The present scheme re-
quires only 21 core storage locations to display the above example.
The advantage, also, is that only 21 core storage locations are
necessary regardless of the scatter of the joint probabilities.
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NPx(8)l NPy (6)l NKNT (l)l
• (6)2 • (12)2 • (6)2
• (12)3 • (8)3 • (8)3
• (8)4 • (7)4 • (12)4
{2) 5 (7_ (R)5
• • l" • 5 v
(14) 6 (5) 6 (7) 6
(2) 7 (3) 7 (6) 7
a. Before Vertical Sort
NPx(6) 1 NPy(12) l NKNT(6) 1
• "_J2'_°' • (8)2 • (8)2
" (8)3 • (7)3 • (12)3
• (2)4 • (7)4 • (8)4
(8) 5 (6) 5 (1) 5
(]4) 6 (5) 6 (7) 6
(2) 7 (3) 7 (6) 7
b. After Vertical Sort
Figure 8 Data Arrays Before and After Vertical Sort
" -21
NPx(4) 1 NPy(7) 1 NKNT (6)1
• (3)2 " (6)2 • (8)2
• (6)3 • (5)3 • (12)3
• (8)
4
(I) 7 (2) 7 (6) 7
a Core Storage Configuration
• • " 6 " "
• • 8 • • •
• 8 " " " 12
• " " " 7 1
• • • • •
• • • • • 9
b. Conventional Core Storage Confiquration
Figure 9 Core Storage Image
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In Figure 10a and 10b is an example of the same number of paired
classes, but the data pairs are more widely scattered. In this
example, the conventional data storage required is 14 x 12 or
16B core locations. The present scheme still required only 21
core locations.
C. Output Display
To display the arrays as a joint probability distribution,
the first location in the NPy array is examined and a decremental
counter is set equal to this value. All the data points in the
NP x array that are paired with this NPy value, are collected
along with their number of occurrences NKNT(i), and stored in a
working array. This working array is sorted in ascending order
for printing from left to right across the print paper. A print
llne is loaded with blank characters and the blank character is
replaced with the number of occurrences in that location, if any
exist. The number of occurrences is designated by an alphanumeric
character of some hierarchy ordered by the user. The print line
is then output to the printer. The next location in the NPy
array is examined and the counter is decreased by one. If the
NFy value is less than the counter, a print line filled with
blank characters is printed and tagged with the value of the
counter. The counter is then decremented and compared with the
NPy value again. If there is a comparison, then the above proce-
dure is repeated. This continues until the NPy array is exhausted.
NCH
NSPS
NSCANS
NSKIP
NSTART
D. Data Problem Parameters
Total number of channels on input tape
Samples per logical record or scan llne
Number of logical records or scan lines
to process
Initial physical records to skip before
process ing
Starting sample number
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NPx(6)I NPy(12 )I NKNT(6 )I
• (12)2 • (8)2 • (8)2
• (8)3 • (7)3 • (12)3
• (2)4 • (7)4 • (8)4
(8) 5 (6) 5 (I) 5
(14) 6 (5) 6 (7) 6
(2) 7 (3) 7 (6) 7
a. Core Storage Configuration
• " • " " 6 • • • • •
• 8 • " " " • 12 " " "
• • • • • • • 1 • • •
• • • • • • • • • •
• • • • • • • • • •
• 6 • • " • " 0 • •
• • • • • • • • • •
8
b. Conventional Core Storage Configuration
• 7
Figure i0 Core Storage Image
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_A
NSTOP
L_
IMX
IMY
SCALE
BIAS
Stopping sample number
Logical tape unit to load input data
Number of paired joint probabilities
to process
X channel select
Y channel select
Used to scale data
Used to shift data
7. BOUNDARY MAPPING
A concerted effort has been made to improve boundary mapping
techniques and to extend these ideas and techniques in order to
classify different homogeneous areas of ground scene data. This
section briefly describes one of several boundary enhancement
techniques, which were investigated, and contains examples of
test cases and problem parameter inputs.
The technique employed in this computer program, incorporates
a moving rectangle made up of four adjacent resolution elements
moved successively through the data. The configuration, produced
by the magnitude of any four adjacent resolution elements con-
nected by an imaginary path, will be defined as the area. Iso-
metric displays of the ground scene (Figure Ii) show different
area configurations produced by any four adjacent resolution
elements. The possible area configuration models are shown in
Figure 12. From these configurations, the equations for calculat-
ing the area were derived, based on two cases presented by the
data. Case I is the area produced by four adjacent resolution
elements along the Y and Z plane, and case II is the area pro-
duced by four adjacent resolution elements along the X and Z
plane. The equations that were derived (AI, BI, C I for case I
and A2, B2, C 2 for case II) are shown in Figure 13a.
Several equations that appear here are redundant and are
eliminated by combining similar equations. The composite test
statements that determine which equation to use, are shown in
Figure 13b, and a flow diagram of the decision logic incorporated
in the computer program, is shown as Figure 14.
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I CASE I
(I I) (2,2)
(211)_ (1,2)
(I,3)
(2,1 . ,(I
(3 ,I --"
i
$
EQUATION
A(1)
,4)
CASE tl I
x-: J
(2,2) ........ (l,l)
(2,1) _(I ,2)
(l,l) .i__, _ (1,2)
(2,I)
(2,2)
B(1)
(I ,2)(2,1) -_'' . (l,l)
(2,2) _"
(I,I)_ (1,2)
(2,1) (2,2)
(2,1_ (1,2)(I,I (2,2)
C(1)
A(2)
(I ,2)
(2,2) __ (I,l)
(2,1)
(2,1)........ (i,2)
(2,2)_ (l,l)
(l,l)_ (1,2)
(2,1_ (2,2)
B(2) ._ (1,1)(2,2) (1,2)
(2,1)_ - "
(I,I_
(2,1 (I ,2)
(2,2)
C(2)
(2,1) ._-J ,2)
(2,2)
Figure 12 Area Configurations Produced by Four Adjacent Data Samples
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CASE I
k[(Xn,Yn)-(Xn,Yn+ 1
½[(Xn,Yn)-(Xn,Yn+ 1
)-(Xn+l,Yn)+(Xn+l,Yn+l )]
)+(Xn+l,Yn)-(Xn+l,Yn+l)]
½[(Xn ,Yn+l ,Yn,Yn)+(Xn )-(Xn+ 1 )-(Xn+l,Yn+l)]
k[-(Xn,Yn)+(Xn,Vn+l)+(Xn+l,Yn)-(Xn+iYn+l )]
½[(Xn,Yn)+(Xn,Yn+l)-(Xn+l,Yn)-(Xn+l_n+l )]
½[(Xn Yn)+(Xn,Yn+l)-(Xn+l,Yn)-(Xn+l,Yn+l)]
(a)
CASE II
k[(Xn,Yn)-(Xn,Yn+l)-(Xn+l,Yn)+(Xn+l,Yn+l )]
k[(Xn,Yn)-(Xn,Yn+l)+(Xn+l,Yn)-(Xn+l Yn!.!
½[-(Xn,Yn)+(Xn,Yn+l)-(Xn+l,Yn)+(Xn+l Y_-,_
k[-(Xn,Yn)+(Xn,Yn+l)+(Xn+l,Yn)-(Xn+l,Yn_i
k[(Xn,Yn)-(Xn,Yn+l)-(Xn+l,Yn)+(Xn+l,Yn+l )]
½[(Xn,Yn)-(Xn,Yn+l)+(Xn+l,Yn)-(Xn+l,Yn+l _]
J
>X ,Yn+lXn,Yn n
Xn+l,Yn<Xn+l,Yn+l
Xn+l,Yn+l>Xn,Yn+l
<X ,Yn+lXn,Yn n
Xn+l ,Yn>Xn+l ,Yn+l
Xn,Yn>Xn+l,Yn
Xn,Yn<Xn,Yn+ 1 -_
Xn+l ,Yn<Xn+l ,Yn+l]
COMPOSITE TEST STATEMENTS
A(1) A(2)
B(1) B(2)
C(1) C(2)
-Xn,Yn<Xn Yn+ 1
Xn+l,Yn>Xn+l,Yn+l
Xn,Yn<Xn+l ,Yn
X Y >X Y
n, n n, n+l
<X
Xn+l,Yn n+l,Yn÷l
Y <X YXn+l, n+l n, n+l
__X x Y >X Y
n, n n, n+l
n+l ,Yn>Xn+l ,Yn+l
(b)
Figure 13 Area Equations for Four Adjacent Data Samples
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A probability density distribution of the area is calculated
for each channel of data and every scan. An estimate of this
probability density function is obtained digitally by dividing
the range for X into an appropriate number of class intervals,
say di, and by tabulating the number of occurrences in each of
these intervals. The number of occurrences N i in each interval
satisfies the equation
k-i
N =I Ni
i=O
where k -- number of class intervals and N is the total population.
This number sequence _]_Ni_ is found by
N I = Total number of X:
N 2 = Total number of X:
N 3 = Total number of X:
o
Nk -- Total number of X:
XC d I
dl< Xi d 2
d2< X_d 3
dk- i < X C dk
A plot of the probability distribution of channel 3 and
channel 12, both horizontal and vertical, are shown in Figures 15
and 16. These plots reflect the distribution of one scan of data,
in particular, scan number 5. The criterion to determine if a
resolution element reflects a change in a homogeneous population
of ground scene is the mean of the probability distribution of
the area plus its associated O. All area calculations of four
adjacent resolution elements that fall outside of the mean plus
6 will be flagged as a boundary.
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The mean area of the probability distribution, P(A), is
calculated by
I P(A i) .A i
i
i=1,2, ...MAX
on O by
"T P(A i) A 2
i_ P(Ai)
1/2
i=1,2. •.MAX
In the test cases, all 12 channels were used, except for
two cases where channel 3 and channel 12 were run separately,
and boundary flags set for each channel. The final decision
for determining the boundary, is based on an input parameter
selected by the user. The number of channels indicating a
boundary has to be greater than this value. In Figure 17 only
channel 12 was used. This produced too many boundaries and
the separation of different homogeneous areas was not clearly
defined. In Figure 18 only channel 3 was used; this produced
too few boundaries. Figure 19 shows all 12 channels with at
least seven reflecting boundaries (Input Option); this produced
too few boundaries. Figure 20 shows at least three channels of
the 12 reflecting boundaries which produced too many boundaries.
Figure 21 produces the best boundary map which uses at least
four channels of the 12 total.
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NSC, ANS
NSTART
NSPS
NCH
NVAR
NSYM.
ISUM
N-TEST
NBTLG
MODE
NSKIP
NCRE
NBLK
INCX
INCY
NSTX
NSTY
NWHICH
A. Data Problem Parameters
Number of scans or logical records to process
an input tape
Starting resolution element in the scan
The number of resolution elements or columns
to process from each scan _ 255)
Number of channels present on input tape
Number of variables or intervals desired in
calculating the probability distribution;
Maximum of 2000.
N,,mber of alphanumeric characters to display
boundaries (note: At the present only two
characters are used, blanks and dots, no
boundary or yes boundary respectively)
Total number of channels used in initial
boundary calculation
Number of channels (plus one), of ISUM,
necessary for a final boundary decision
Number of bits per word on the input tape
Mode of input tape (2=non-FORTRAN, I=FORTKAN)
Number of records to skip before processing
input data
Data increment
Number of raster counts per character desired
in displaying boundary on the Stromberg-
Carlson 4020 plotter recorder
Raster counts incrementation in the X direction
Same as above in the Y direction
Starting position or frame along the X axis
Starting position on frame along the Y axis
Channel number desired in calculation of
boundary
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8. CHANNEL ALIGNMENT
In recent months there has been an increasing demand to
process and analyze data collected by array cameras using dif-
ferent filters in the frequency spectrum. In order to analyze
data from this camera source, the camera film is digitized and
the digitizing process is carried out separately for each fil-
tered film. Gross errors are introduced into the data, mainly
missalignment of the film when being digitized by a densitometer.
This missalignment must be compensated for before the digitized
data can be merged and processed. A process was developed to
align the digitized data sets by a matching matrix technique.
Boundaries separating homogeneous areas are calculated from
each data set (see section 7) and the boundaries of each data
set are correlated and matched. One particular technique pro-
posed was the use of NXM data matrix for each data set where one
set is assigned the reference channel and the other sets are
correlated with the reference channel by moving the matching
matrix successively through the selected data area.
The correlation of the reference channel with other channels
is done by matching or correlating a resolution element from the
reference channel with all resolution elements in the matching
matrix of other channels. If there exists a match or correlation
of boundaries, then a cell in the matching matrix display at those
coordinates is incremented. The NXM matching matrix is moved by
one resolution element, and the next resolution element from the
reference channel is matched or correlated with all the resolution
elements in the matching matrix of other channels. If there exists
a match or correlation of boundaries, then a cell in the matching
matrix display at those coordinates is again incremented. This
continues as the matching matrix is moved successively through
the selected data interval.
4O
An expanding and collapsing technique is employed at the
beginning and end of the data set to eliminate edge effects and
loss of data. As the NXM matching matrix is moved successively
through the data set, the correlation of the two channels, if a
correlation exists, is accumulated at the beginning of the data
set at the matching matrix display coordinates MATRIX (i_j)
going across, where
N Ni = -- - b+l2 '_-
N
b+2,...N; k = 1,2,3..._ ,
and going down where
M M Mj = _ - b+l, _ - b+2,...M; k = 1,2.3..._ .
This continues until the entire matching matrix is within the
objective data, thus eliminating the edge effect. Once the match-
ing matrix is within the objective data then i = 1,2,3...N; and
j = 1,2,3...M. Upon termination of the matching matrix at the
end of a data set, a collapsing technique is employed. This tech-
nique is the same as the expanding technique except the accumula-
tion at the end of the data set at the matching matrix display
N
coordinates MATRIX (j,i) is i = 1,2.3... N-k, where k = 1,2,3... _;M
and j = 1,2_3... M-k, where k = 1,2.3...
The matching matrix is then printed for each combination of
correlations. No boundary and boundary correlation of two data
channels (0.i), and boundary and boundary correlation of two data
channels (i,i). Alignment shifts can be performed by locating
the peaks in the NXM matrix where boundaries of two channels are
matched. The matching matrix is shown in the output example.
This peak occurred at coordinates (-5, +4), therefore, the channel
being correlated with the reference should be shifted -5 data
records and +4 resolution elements to align the two channels.
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This technique corrects for any horizontal and vertical
alignment satisfactorily, however it does not correct for any
skewness introduced, while the film is being digitized, or any
distortion in the camera array angles. A technique that fully
corrects for this type of missalignment is presently being
developed, but due to inadequate computer turnaround time, re-
suits are not available.
A. Computer Program
A program was written to match and correlate up to three
data channels and as many different intervals of a data set as
desired. This will enable the user to calculate the alignment
in areas of the data set where boundaries are clear and can be
detected. Input to the program is three FORTRANformatted fixed
point binary tapes containing boundary flags (fixed point integer I
for boundary and 0 for areas that are homogeneous).
NTIMES
LT9
LTI0
LTI i
NSTART
NSTOP
NSCANS
NSPS
NREFX
NREFY
NCHIX
NCHIY
NCH2X
NCH2Y
B. Data Problem Parameters
Number of sections to correlate
Logical unit to load input tape number one
Logical unit to load input tape number two
Logical unit to load input tape number three
Starting resolution element
Final resolution element
Number of scans in the matching matrix
Number of resolution elements across the scan
in the matching matrix
Starting resolution element in the reference
channel; Tape number one.
Starting scan number in the reference channel;
Tape number one.
Starting resolution element in the channel to
be correlated; Tape number two.
Starting scan in the channel to be correlated;
Tape number two.
Starting resolution element in the channel to
be correlated; Tape number three.
Starting scan in the channel to be correlated;
Tape number three.
42
C. Program Flow Chart
start )
f
dimension
arrays
I
_ namelist_data
/_-
\ /
I
rewind
input
tapes
I
po sition
input
tape s
problem 1pa ramete r s
t I
initiliz e
matching
matrix
arrays
J
load I
data into
core
start
correlating
data
channels6-
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Channel Alignment
no
start I
expanding
matching
matrix
increment
i,j
matching
matrix
cell
no
no
_J
es
output
matching
matrix
to di splay print
paper
end )
-Channel Alignment (Concluded)
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9. CHANNEL REGISTRATION
Registration of digital images of the digitized film pro-
cessed from a multiple camera array system, has become necessary
due to the rotational, translation and scaling errors introduced
during processing. A course alignment is made by employing the
matching matrix technique but this only corrects for a horizontal
or vertical shift in the digital images for alignment. There
exist errors in the digital images, such as rotation and transla-
tion errors, which have to be corrected by a more effective means.
A technique which will accomplish this is presently being developed
and has been demonstrated. Computer results are not available,
due to contract expiration which prevented finalizing the analysis,
therefore, no illustrations are shown.
The technique requires generating boundary maps of the digital
images and a manual technique is used to correlate similar areas
of the digital images with each other. A good sampling of the
entire scene is made which provides enough input to a set of equa-
tions (equations are presently being derived and improved upon)
to calculate coefficients for each digital image combination.
When used with the x and y coordinates of a reference channel,
position pointers are calculated giving the respective x and y
coordinates of the channels to be aligned. Data points are taken
from these coordinates and placed at the coordinates of the ref-
erence channel. All channels are then output to magnetic tape
becoming merged for further processing.
A program was written to overlay any combination of digital
images containing boundary information (0 and i) that have been
registered and merged. This overlay program produces a map showing
the location of boundaries and homogeneous areas that are similar.
This program is used in conjunction with the registration process
and evaluating the accuracy of the registration process.
After the digital images are aligned satisfactorily the reg-
istration process can be carried out on the raw data and processed
as desired, or the merged boundary tapes can be processed.
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A. Computer Program
A computer program was written to register multiple digital
images using boundary information or raw data. The program inputs
a reference channel and the x and y coordinates of data points
from the reference channel are input to a subroutine FETCH which
returns through the call statement the x and y coordinates of the
channel to be aligned. Subroutine FETCH contains DATA statements
with coefficients used in the calculations. These DATA statements
can be changed to reflect coefficients of different digital images.
NSPS
NCHAN
NSCANS
NSKIP I
NSKIP2
NSKIP3
B. Data Problem Parameters
Number of samples per scan
Number of channels on input tape
Number of scans to process
Initial position of tape number one
Same as above for tape number two
Same as above for tape number three
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C. Program Flow Chart
(start)
initilize
arrays
_?o_e_
set
flags
i problemparameter s
J
input /
reference/-
channel
\1 j
identify
image .
I
fetch
1-
position tape to correct
coordinate s
//'
Channel Registration
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identify
image
i
fetch
\ J
I
position tape to correct
coordinate s
f
fill
data
buffer
_buffOutput /
°_//
I(°n_)
Channel Registration
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fetch
!
go to NTYPE
_ calculate x_ y
coordinate s for
image I-
i
return )
calculate x, y
._ coordinates for
_:image 2
( r_turn>
end )
Channel Registration (Concluded)
5O
i0. SPECTRAL DISCRIMINATION
Capabilities have been developed to discriminate ground
scene features using computer techniques with digitized images.
These capabilities are available at MSFC for analysis and inter-
pretation of earth resources flight data. Computer programs and
algorithms were developed during this contract period, March 22,
1971 to September 22, 1972, under the auspices of the National
Aeronautics and Space Administration, with Mr. Robert Jayroe
COR. The mathematical rationale used in the development of these
computer programs are to be published by Mr. Robert Jayroe in
a NASA report entitled "Unsupervised Spatial Clustering with
Spectral Discrimination."
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ERFDP USERS MANUAL
SECTION II INTRODUCTION
Processing earth resources data is the future will require
a somewhat automatic approach due to the volume of data and the
extent of analysis required to interpret the data. This requires
a complex data processor designed to maintain an automatic data
processing (ADP) environment for the user. The processor is
designed using independent modules with an executive program
driving each module. A block diagram depicting this modular
structure is shown as Figure 22.
This processor uses an overlay technique, which compiles
and communicates with all modules, but only executes modules
selected by the user. The concept of using overlays provides
capabilities for processing input data, through all the program
modules sequentially or only selected modules as desired. Each
module can be improved upon, expanded and modified independently
of other modules, and each module can be improved or modified
in a 32K core storage environment irrelevant to the other modules
(see Figure 23).
This conept has the disadvantage of having to utilize an
intermediate storage tape, which necessitates executing read/write
commands, which are certainly time-consuming. However, the ad-
vantages outweigh the disadvantages significantly by providing
versatility in the overall function. To further improve on the
efficiency of the program, the read/write commands use alternate
input output channels when possible to eliminate, in most cases,
the computer being in a "wait" condition due to either channel "A"
or channel "B" being busy.
The overlay concept entails having a main program which calls
each individual module as requested by the user. This keeps the
overall processing contained in one large program and each program
module is brought into the computer, compiled, overlay structures
created, and then output onto an overlay tape. All modules are
treated in this fashion regardless of which and how many are to
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Figure 23 Block Diagram ERFDP
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be used. Each module to be executed is brought into the computer
in a "transit" area (see Figure 24), and upon completion, another
module, if requested, is brought into the same "transit" area to
be executed. A common area in the computer is used to store in-
formation that may be used by more than one module. Each module
has access to this common area at any time it occupies the
"transit" area.
i. EARTH RESOURCES FLIGHT DATA PROCESSOR
The ERFDP is comprised of seven separate and independent
modules which reside in computer memory only while being executed.
Module seven consists of three lower level modules that are called
into memory to perform their function automatically when module
seven is requested by the user. The segmented structure appears
as diagrammed.
lalalalala
Each module can be called into core memory and executed
independently and in any order with the exception of module seven.
Module six has to be executed prior to module seven, since the
boundary mapping output is input to module seven. If module six
has been run previously and a boundary mapping output tape is
available, then module seven can be executed alone.
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A dimensional variable called MODULE is dimensioned 8,
which sets aside eight memory locations to store a users request
for module execution. The number of locations filled depends
upon the number of modules requested to be executed by the user.
The remaining locations contain zeroes and when the processor
encounters a zero while examining the list, it terminates under
system control.
A. Data Problem Parameters Example Setup
$DATA
$1NIT
MODULE = 1,2,4,6,7
SEND
User request modules 1,2,4,6,7
to be executed and in that order.
B. Input Tapes
Unit - Users option under individual modules (A6 recommended)
Type - Reference individual modules
C. OutPUt Tapes
Reference individual modules
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2. MDDULE ONE
Module one when called into memory calculates a probability
density function for any number of channels not to exceed 12.
The module provides options to calculate probability density
functions on selected channels also.
A. Data Problem Parameters
$INPUTI
NCH = 3
NSPS = 794
NSCANS = 500
NSTART = I
NSTOP = 794
NBTIE- 12
/f)DE ffi 2
ITYPE - 0
MSFC = 0
LTN = I0
NSKIP ffi2
NCRE ffi1
XMAX = 1200.0
XMIN = 300.0
NOCHS = 3
NWHICH = 1,2,3
SEND
7/8
Example Setup
Number of input channels
Number of samples per record
Number of scans or records to process
Starting sample number
Stopping sample number
Bit length of input data word
Signifying non-FORTRAN input tape
Fixed point input; ITYPE = i ; Floating
point 36-blt word input
Not MSFC scanner format; MSFC ffiI; MSFC
scanner format
Logical tape unit of input tape
Skip first two data records
Data increment to process
Maximum value in data set
Minimum value in data set
Number of channels to calculate probability
density function
Calculate probability density function on
channels 1,2, and 3
B. Input Tapes
Unit - Users option under input parameters
Type - Any odd parity binary. 3-bit modulus, fixed point
with word lengths _ 36 bits, or floating point.
C. Output Tapes
None (only print output)
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D. Program Flow Chart
initialize
arrays
calculate
distribution
table
scale data
and
convert
input
data
tape
no
check
limits
accumulate
occurrences in
appropriate
cell
Multiple Channel Probability
Distribution
60
oo<,>:<1
i,o<r_,>,>.-!
calculate igrey level
slicing I
I
Multiple Channel Probability
Distribution (concluded)
61
_) 0_0____o_o0oooooo000oo0
z
c
o
0
rj]
{D
Z
O
0
Z
04
ED
62
3. _D_E TWO
Module two outputs on print paper and/or Stromberg-Carlson
4020 recorder, the quantized levels of a data set with alpha-
numeric characters displaying specific quantized levels. Alpha-
numeric characters can be selected and input to the module on a
card included in the input problemparameters to provide different
shading for certain levels. This module displays only one channel
per computer pass, and that one channel is optional and selected
by the user.
$1NPUT2
NCH = 3
NSPS = 794
NSCANS = 500
NSKIP - 2
NSTART = I
NSTOP - 120
ITERM = 6
N= II
ICHAN s 3
IPRT s I
IPLT = I
INCX = 0
INCY = 8
NSTX = 0
NSTY = 0
NBTLG = 12
MODE = 2
ITYPE = 0
MSFC = 0
A. Data Problem Parameters Example Setup
Number of channels on input tape
Number of samples per record or scan
Number of scans to process
Number of scans to skip before processing
Starting sample number
Stopping sample number
Number of passes processing 120 samples
each pass
Number of levels plus i
Channel used in mapping
Option to print
Option to plot
Increment in x direction for each sample
(rasters)
Increment in y direction for each sample
(rasters)
Starting x coordinates on plot frame
Starting y coordinates on plot frame
Bit length of input data words
Signifies non-FORTRAN
Fixed point input data; ITYPE - 1 ; Input
data floating point 36-bit words
Not MSFC scanner format; MSFC - i; MSFC
scanner format
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NCRE-- i
LTN = i0
IOPT = 0
SEND
SGRYLYL
GLVL = i., 2., 3., 4., 5., 6., 7., 8., 9., i0., ii.
i., 2., 3., 4., 5., 6., 7., 8., 9., i0., ii.
O
O
O
i., 2., 3., 4., 5., 6., 7., 8., 9., i0., ii.
SEND
7/8
Data increment
Logical tape unit of input tape
Signifies automatic quantization
B. Input Tapes
Unit - Users option under input parameters
Type - Any odd parity binary, 3-bit modulus, fixed point,
with word length _ 36 bits or floating point.
C. Output Tapes
None (only print output)
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4. MODULE THREE
Module three calculates contour lines throughout an input
data set depicting elevation, altitude, temperature or boundary
contours. The contour lines are output and displayed by the
Stromberg-Carlson 4020 plotter. Frame butting in the module pro-
vides for continuous contour plotting for infinite data sets.
The contour lines can be scaled by utilizing the block size
option (BLK) in the input problem parameters.
$1NPUT3
NCH = I
NSPS = 90
IRW = ii
NCHAN = I
NSNCRE = i
NPCRE-- i
NPTSL = I
NPTSU = 90
NBTLG-- 36
MODE = I
ITYPE = 0
MSFC = 0
NSKIP -- 0
MAXSCN = I00
MSZX = 90
MSZY = 8
BLK = 8.0
FHINC = I0.0
ZMIN = 8.0
ZMAX = 138.0
LAB= I
SEND
7/8
A. Data Problem Parameters
Number of channels
Number of samples in a scan (record)
Logical tape unit for input data
Channel number
Number of scans to increment
Number of samples to increment
Lower starting point
Upper stopping point
Bit length of input data word
FORTRAN formated (i) or non-FORTRAN (2)
Fixed point input ITYPE = i,
floating point input
MSFC = i; MSFC scanner format
Number of records to skip
Total number of scans to process
Data block size in x (samples)
Data block size in y (scans)
Plot frame block size in rasters
Labeling increment
Minimum label
Maximum label
Label every interval
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B. Input Tapes
Units - Optional under input data
Type - Any odd parity binary. 3-bit modulus, fixed point,
with word lengths _ 36 bits, or floating point.
C. Output Tapes
SC 4020 Stromberg-Carlson formatted tape
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5. MODULE FOUR
Module four displays a two-dimensional plot of three-
dimensional data where only one single array of data is input
and the data samples are ordered in an XY coordinate system,
where Y is the scan llne count and X is the resolution element
in the scan. Data sets of infinite length can be displayed on
the SC4020 recorder. The module provides for multiple passes
through the data set in order to view the entire data set in
sec tions.
$1NPUT4
NCH = 12
NSPS = 222
NSKIP = 0
NBTLG = 12
MODE - 1
IRW = I0
NCHAN - 6
NSNCRE = I
NPCRE = i
ITYPE = I
MSFC = 0
NPTSL - I
NPTSU- Iii
MAXSCN- 120
XMIN = 0.0
XMAX = 222.0
YMIN = 0.0
YMAX - 255.0
NBLSZX
A. Data Problem Parameters Example Input
Number of channels on input data tape
Number of resolution elements per scan
Initial records to skip
Bit length of the input data word
FORTRAN formatted (I) or non-FORTRAN
formatted
Logical tape unit to load input
Channel selected to be plotted
Scan incrementation
Resolution element incrementation
Fixed point input (0) or Floating point
input (i)
MSFC scanner format (i) or not MSFC
scanner format
Lower resolution element to start
Upper resolution element to stop
Scan lines to be processed
Minimum value for scaling the X axls
Maximum value for scaling the X axis
Minimum value for scaling the Y axis
Maximum value for scaling the Y axis
The distance separating the plotted points
in the X direction
77
NBLSZY
NSECT = 2
NSMOV-- 0
NDIREC = i
SEND
7/8
The distance separating the plotted points
in the Y direction
Two passes through the data to plot the
data set in two sections
No smoothing on input data
Orientation of the isometric left view (-i)
or right view (i)
B. Input Tapes
Unit - Users option under input parameters
Type - Any odd parity binary. 3-bit modulus, fixed point
with word lengths _ 36 bits, or floating point
binary.
Unit - A8 SC4020
C. Output Tapes
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6. MODULE FIVE
Module five calculates a joint probability density function
from two time-series data traces selected by the user in the
data problem parameters. The program provides for multiple passes
through the data set for multiple joint probability density func-
tions. The raised data points are classified and stored in one
single array along with its associated occurrences of like data
pairs. The joint pairs are sorted vertically in descending order
and horizontally for each print line in ascending order.
$1NPUT5
NCH = 12
NSPS = 222
NSCANS = 920
NSKIP = 0
NSTART -- 2
NSTOP = 222
LTN = i0
NOJP z 2
IMX = 4,3
IMY = 6,7
SCALE = 1.0
BIAS = 0
SEND
(D.),/*
7/8
A. Data Problem Parameters Example Setup
Total number of channels on input tape
Samples per logical record or scan line
Number of logical records or scan lines
to process
Initial physical records to skip before
processing
Starting sample number
Stopping sample number
Logical FORTRAN IV tape unit
Number of paired joint probabilities to
process
Use channel 4 and 3 in X
Use channel 6 and 7 in Y
Used to scale i
Used to shift data
(Alphanumeric characters)
85
B. Input Tapes
Unit - A6 (optional)
Type - Any odd parity binary. 3-bit modulus, fixed point
with word lengths _ 56 bits, or floating point
binary.
C. Output Tapes
(none print output only)
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7. MODULE SIX
Module six calculates boundaries outlining edges of homo-
geneous areas of ground scene data. These boundaries are dis-
played on print paper where a selected alphanumeric character
signifies a boundary and blanks signify areas of homogeneity.
This output is also displayed on the SC4020 plotter where bounda-
ries are flagged by an alphanumeric "period." The boundary out-
put is used in further processing to extract information for
feature discrimination.
A. Data Problem Parameters Example Setup
$1NPUT6
NSCANS = 120
NSTART = I
NSPS = 222
NCH = 12
NSYM = 49
ISUM = 5
NBTLG = 12
MODE = I
ITYPE = 0
MSFC = 0
NSKIP = 0
INCX = 0
INCY = 4
NSTX -- 0
NSTY = 0
NCRE = 2
Process 120 scans of the data set
Starting sample number
Number of samples to process; (_ 255)
Number of channels on input tape
Dimension of the Alphanumeric array
Number of channels used in calculating
boundaries
Bit length of input data word
FORTRAN formatted (i), non-FORTRAN
formatted = 2
Input data fixed point. Floating point
binary = 1
Not MSFC scanner format MSFC scanner
format = 1
Skip no records before processing
Incrementation in the X direction on the
plot frame between resolution elements
for each scan
Incrementation in the Y direction on the
plot frame between resolution elements
_or each scan
Starting X coordinates on the plot frame
Starting Y coordinates on the plot frame
Data incrementation; Use every other data
sample for boundary calculations
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SEND
$NCHUSE
NWHICH = 1,3,4,8,12
SEND
Channel selection for calculating
boundaries
_. _ *(---, $+ABC .... ZI2 ...90-
7/8
B. Input Tapes
Unit - Any odd parity binary, 3-bit modulus, fixed point
with word lengths _ 36 bits, or floating point
biaary.
C. Output Tapes
Unit - B6
Type - Fixed point binary l's and O's FORTRAN formatted
255 words or less plus i FORTRAN index per logical
record.
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D. Program Flow Chart
START _)
J
!
INITIALIZE
ARRAYS
I
_ INPUT
I
PROBLEM PARA/4ETERS
/
POSITION
INPUT TAPE
I
SET UP
INPUT
LOOP
YES
INITIALIZE
P(A):O (FOR ALL VALVES OF A)
YES
Xn,n:l, NSPS
INPUT
DATA
TA E
Boundary Mapping
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[ JNPUT Yn,n=l
NSPS
I
SET UP
LOOP OVER
DESIRED
CHANNELS
J ICHAN=
SELECT
CHANNEL
FROM ICHAN
POSITION
SET UP
LOOP
OVER
NSPS
I NO
ENTER
AREA
DECISION
LOGIC
I
CALCULATE
IAREAH,vl
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I,ISUM
YES
INPUT
DATA
TA E
Boundary Mapping
l Pi(A)=MIN
NO TEST
MI_A H,V<MAX
J
Pi(A)H+I
Pi(A)v+I
I
i ,i
j STORE A_J,,)
(INTERGIZED)
NN(JJ)= ( J)
® v
NO
r
Pi (A)=MAX
NO
.CALCULATE
FLAG NO BOUNDARY
SET UP
LOOP
OVER NSPS
NO
YES
FLAG YES BOUNDARY
Boundary Mapping
YES
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CLEAR
DISTRIBUTION
TABLE @
@
SET UP
DISPLAY
SYMBOLS
I
ooTpoT!
o_/-
I ,
I INITIALIZE
ARRAYS
Xn=Yn,n=
I ; NSPS
oo_o_/
oo_/
PAPER /
I
REWIND
ALL
TAPES
I
SCRATCH
OR
SAVE
NO
Boundary Mapping (concluded)
i00
m.
!
z
n,n
a,n
-.I
1.1.1
0
0
i,.I.I
,.,..
0
0
!
z
an_
v
I-,,
I.a.I
.,.,,I
I.a.I
0
O,,,,,g
I--,
0
o,l
W
0
,.=l"
,.C::
o
o_
.,-I
I-I
o
i01
8. MODULE SEVEN
Module seven consists of three submodules called into core
memory sequentially to classify land use data. These modules
perform spatial clustering, sequential merging, and spectral dis-
crimination of ground scene images. The module provides an op-
tion to select multiple passes to further classify small insigni-
ficant homogeneous areas that may be overlooked or misclassified
during the first pass.
The input to module seven is the boundary mapped information
(see Boundary Mapping) and the raw spectral digitized images.
The spatial clustering submodule searches areas on the boundary
map tape that contain homogeneous areas consisting of at least
i00 square resolution elements as a threshold. When this search
is satisfied, this homogeneous area is identified with a number
which is incremented for each separate homogeneous area. A new
tape is created containing these identified clusters. The sequen-
tial merging submodule searches the tape containing the identified
clusters and selects the raw spectral data associated with each
cluster. Criterion parameters are calculated and the merging
process takes place merging all similar clusters.
The spectral discrimination submodule, classifies the merged
clusters starting with an initial class of one, with unit incre-
mentation for each new class detected. The raw spectral data
criterion parameters, for each resolution element are compared
with all classification criterion parameters. If a comparison
exists, then the resolution element becomes classified. If there
is no comparison, the resolution element is assigned a blank or
a boundary flag, (if the resolution element reflects a boundary).
If the ground scene is not classified satisfactorily, another
pass can be performed reducing the homogeneous square area thres-
hold to 36 resolution elements. This will enable smaller homo-
geneous areas, that were not detected by the 100-square resolution
element threshold to be detected and an attempt will be made to
classify these areas also.
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In the output example of module seven, Figure 25 shows the
initial clustering of homogeneous areas that contain at least
I00 square resolution elements. Figure 26 shows the results of
the sequential merging and the classifying process. In Figure 26
there exist areas that were not classified therefore an additional
pass was necessary to improve the classified areas. Figure 27
shows small homogeneous areas clustered using the 36-square reso-
lution element threshold. These areas are clusters O, P, and Q.
Figure 28 shows the areas 0, P, and Q, have been merged and classi-
fied which improves the classified images.
$1NPUT7
NPASS = 2
NCLUST = 0
SEND
$1NPUTA
NSPS = 222
NSCANS = 120
NCH = 12
LTI = I
LT9 = 9
LTI0 = I0
LTII = Ii
LTI2 = 12
LTI3 = 13
NSTART z i
NSTOP = 140
NBTLG = 12
MODE = I
A. Data Problem Parameters Input Example
Perform two passes through the clustering,
merging and classifying process
Initial cluster number. Additional passes
can be performed on reruns, by inputing
the total number of classes already detected.
Number of resolution elements in entire
scan or logical record
Number of scans to process
Total number of channels on input tape
Logical tape unit for scratch tape
Logical tape unit for storage of update
information
Logical tape unit for raw data input
Logical tape unit for boundary map
Logical tape unit for clustered homo-
geneous areas
Logical tape unit containing the final
classified map
Starting sample number
Stopping sample number; Process only
sample number 1-140 (NSTOP-NSTART + 1 _ 255)
Bit length of word on input raw data tape
Input data FORTRAN formatted
MODE = 2 non-FORTRAN formatted
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Figure 26 Results of Sequential Merging
and Classifying Process
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Figure 27 Clustered Homogeneous Areas
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Figure 28 Merged and Classified Homogeneous Areas
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ITYPE = 0 Input tape binary integer ITYPE - i,
floating point format
MSFC = 0 Non-MSFC scanner format; MSFC scanner
has housekeeping data requiring special
handling.
Set MSFC = i if MSFC scanner data
14 = i Number of physical records per logical
record
NCRE = i Data increment; NCRE = i use every data
sample
NSKIP = 0 Initial records to skip before processing
INCX = 0 Increment in X direction on SC4020 plot
frame for each sample
INCY = 8 Increment in Y direction on SC4020 plot
frame for each sample
NSTX = 0 Starting X coordinate on the SC4020 plot
frame
NSTY = 0 Starting Y coordinate on the SC4020 plot
frame
IXXX = i0 Homogeneous area threshold samples in X
IYYY = i0 Homogeneous area threshold samples in Y
direction
O O 1234567890ABC .... (Alphanumeric characters for displaying
classified homogeneous areas)
B. Input Tapes
Unit - A6 and B6
A6 is any odd parity binary. 3-bit modulus, fixed
point with word lengths _ 36 bits, or floating
point binary.
B6 is integer binary FORTRAN formatted.
C. Output Tapes
Units - B5 FORTRAN floating point binary
(update information)
A7 FORTRAN fixed point binary (Cluster data)
B7 FORTRAN fixed point binary
D. Intermediate Tapes
Units - A3, Scratch tape only
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E. Program Flow Chart
start )
_ 1
set u p
label
common
i
\_ input /_
",. data
\
_-j--/
initialize
clas s
counter
1 '
initial
i cluster
v[
call
\ clu_t /
i
call
cIass
2
problem 1
parameters
t I
Spectral Discrimination
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Ft
adju st_
cluster
numbe r
no
Spectral Discrimination
ii0
clust
setup
labeled
C ommon
i
position
tape s
set flags
I
initialize
arraT. ]
\ load 7
"\ /
working /..
block/_
boundary
no
search
for
homogeneous
areas
I j
yes
assign
cluster
number
Spectral Discrimination
III
map
reload
working
block
yes
?
spatial me rg
I_.
_ rewind
relabel
cluster
table
I
assign new
cluster
number s
_\, intermediate
/ scratch
Spectral Discrimination
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set up
labeled
common
I
\ position!
set u p
merg table
i
set up
loop for
clusters
t
[ICLUST=I
_ cal,\
FETCO 7
I
....
calculate
covarianc e
print !
ovariance_
atrix/
Spectra i
j
Discrimination
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calculate
eigen valve s
and vectors
calculate
rotation
matrix
store class
number in
merg table
assign
population
no
MERG
merge
current
cluster
no
Spectra i Discrimination
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Iyes
update
parameters
assign
class to
cluster
' L •
\ output /
\update L
\_ _or-/
rnation
output /
working /
atricej
_t rewind /
ape s /
I
' return _
G
class + 1 I
I
I
I
J
print
_paper _[_.. _.
storage
Spectral Discrimination
/
I
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!
broutine_
ETCOy
J
set up
labeled common
initialize
arrays
cluster
counte r
NCNT = 1
J
input/
cluster /_
NCNT/
I-
\input raw /
\,\ data for L
_luster /
I
calculate
X, X _ and
population
flag position
cluster number
NCNT + 1
Spectral Discrimination
clustered
data
raw
data
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position
tapes to
NCNT + 1
I NCNT = Ii NC T + 1
t
_.return
Spectral Discrimination
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©©
_ class
set up l
labeled t
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I
_ppOSition //
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-_--/
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q
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calculate
threshold
I
rotate
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A3
B5
A6
A7
B7
up date
parameters
boundary
information
\, /
.J
raw
data
Spectral Discrimination
no
yes
classify ]data
sample
_ _.J
\ ou_,ut /
\ data _
\ /
no
assign as
unclassified
or
boundary
point
I
J
!
classified
data
no
yes
rewind
tape s
Spectral Discrimination
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no
input
data
\,,
I
edit
classified
s ample s
.., I
( +o'-,n)
classified
sample s
final
classified
data
classified jL, map
_- _._ _ + .... ._ _" + • +_
CCA_8"_
40ZO /
clas sified
map
Spectral Discrimination
(conc luded)
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/SDATA PROBLEM INPUT
$IBFTC MOD 7B
$ORIGIN B(MODULE 7 B)
,/
$1BFTC MOD 7A
B(MODULE 7A)
$1BFTC MOD 7
;ORIGIN A(MODULE 7)
i=3,6
MODi
;ORIGIN A(MODULEi)
__$IBFTC MOD2
$ORIGIN A(MODULE 2)
_/$IBFTC ' MOD1
_/$ORIG_ k(MODULE 11
_IBJOB FIOCS, MAP
./_EXECUTE IBJOB
$JOB
i
_J
i
I
I
I', I
, ,}_I
I I
,/
/
/i _
J I
• i i i _
/
1
/
Figure 29 IBM 7094 Job Deck Setup
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7094-
NAME_
Obh n D_ e_._
IF EXCEEDS MAX:
QSTR OSTi[ [3 DMP O RETS
",E£_.sYs #r/_PL/ASS_.L
[3 _;POOK li_XECUTE
,r"l _)T HE R D _UNCH (BCO BIN)
{_F T R N E}MAP
EI2FTRN EIFAP
DAPT n_$CAT
D_PERT QOTHER
LINES OF OUTPUT (IO00'S'
oq-S a(r_r'-t_ Ol_-_OOOVE!
PROGRAMMER COMMENTS:
INSTRUCTIONS
OPCOOE:// [STAC._*
IJOB:#/Z 3< ,f&
FAST TAPES" A B C D
INPUT TAPES
LOGIC REEL NO DEN
WORK
LOGIC
zJ-/
MAXIMUM TIME:
_OURS _ M,NUTES dT.'
NUMBER OF CASES
Cor_ ,_-e n "/-/ Cc r,,, _, c a .Jr-
OVER:
OPERATOR COMMENTS:
r3 SEE ON-LINE
I--I SEE TECHNIQUES
n MAX EXCEEDED
E3 RETURN TO SYS
I"1 LINE MAX
OPER INIT:
OVER:
OUTPUT
REEL NO. l LOGIC
B-I
t30
NO FILES NO FRAMES COPIES DENSITY
1. ¢S "IFI
MSFC - Fm'm 533 (Rev February 1966)
TAPES ONLY
DEN. UNIT NO OF CPYS
8
8
F
4020
SAVE TAPE
|:
/,
KALVAR
Figure 30 IBM 7094 Instruction Form 533
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APPENDIX
Computer Program Listing
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*************I B M _OQ4 PROGRAM LISTING WITH JOB CARDS*************
$JOB NASA JAYRO_ BIN 5_ ,434_O0,O0,12,14MCE
SEX_CUT_ IBJOB
$1BJOB FIOCS,MAP
SFILP -UNITO_-,NONF
$FILc -UNTTO4-,NONF
SFILF -UNTTOT-,NONF
SFILF -UNITOB-,NONE
$rIL_ -UNITI4-,NONE
$_TL_ -UNIT]5-,NONE
$1R_TC FRFDP
DIMENSION MODULE(RI
COMMON DATA(]_)
NAMFLIST/INIT/MODULF
nO I I=I,8
1 MO_UL_(1)=O
I=O
READ(_,TNTT)
WRITE(6,TNIT}
gQQ CONTINUE
T=T+!
IGO=_O_ULEfI)
If (IGO ,LF, O} GO TO QgQ
_0 TO (10,II,12,13,]4,I5,161,I_0
]0 CONTINUE
CALL PROB
GO TO 9Q8
]I CONTINUE
CALL GL_VFL
GO TO QO_
I_ CONTINUE
CALL JONTPB
GO TO Q_8
]I CONTINUF
CALL ISOMET
GO TO 99_
A CONT T NU_
CALL CNTLIN
GO TO 9Q_
I_ CONTINUE
CALL BWNDRI
GO TO 998
]4 CONTINUE
CALL CLASFY
GO TO Qo_
QQO CONTINUE
CALL CLEAN
STOP
END
$ORIGIN ALPHAtSYSUT2_REW
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$1BFTC MOD!
SUBROUTINE PROR
COMMON _ATA(I_}
rO_MONICII GLVL(IIt!?),NWHICM(]?}
DIMENSION NTABLE(2OItI?)tDATAR(201)
NAMELISTIINPUTIINcH,NSPStNScANStNSTART,NSTOPtNBTLGtMO_F,
]ITYPEpMSFCtLTNtNSKIP,
_NCRE,XMAX,XMIN,NOCHS,NWHICH
RrAD(_,INPUTll
WRIT¢{6tINPUTI)
C CALCULATE PROBILITY DISTRIBUTION TABLE
R_SOL=(XMAX-XMIN)I_O0.O
SrALF=?OO.OI(XMAX-XMIN)
C INITILIZF ARRAYS
DO 6 IB=I,1_
O0 6 IBB=I,20]
NTABLF(IPB,IR}=O
6 CONTINUE
_ATA_(1}=XMIN
_0 I I=2,201
_ATA_(1)=DATAB(I-1)+RFSOL
1 CONTINUE
NFLAG=0
DO _ IC=I,NSCANS
NFLAG?=1
_O 2 I=NSTARTtNSTOPgNcRF
CALL GFTI{DATAtNSPS,OtNCH,NSCANOtLTN,IFRRtNFLAG2tNFLsG,NSTART,
]N_TLG,MOOEtNCRF,ITYPF,MSFC)
GO TO (lO,999,10,lO,979),IFRR
10 CONTINUE
DO 3 IA=_,NOCHS
NCHAN=NWHICH(IA}
JJ=DATA(NCHAN)_SCAL_+I.O
IF (JJ .LT° ]) GO TO q
T¢ (JJ °GT. _0!) GO TO
NTABLE(JJtNCHAN)=NTABLF(JJ,NCHAN)÷I
CONTINUE
CONTINU_
CONTINUE
CONTINUE
REWIND LTN
WRTTF(6,IO00)
1000 FORMAT(1H],50Xt26HPRORABILITY DISTRIBUTION )
100l FORMAT(1HO_]30H AMPLITUDE CH I CH 2 CH 3
1 CH 5 CH 6 CH 7 CH 8 CH 9 CH ]0
_! CH 12 )
WRITE(6,]O01 )
1007 FORMAT(1H ,Fq,l,l_IlO)
no _ I=1,_Ol
WRIT_(6,1002) _ATA_(1),(NTARLF(T,JJ),JJ=I,N_H)
CONTINUE
CALL PROD_N(NTA_LF,SCALF,GLVL,XMAX,XMTN)
_0 REWIND LTN
RETURN
END
2
6
Oqq
CH 4
CH
125
$1_cTr PROnZ
SUnROUTIN_ PRO_N (NTA_Lff,SrALFtGLVL_XMAX,XMTN
DIMFNSION NTABLE(2OIt]2),GLVL(IIt12)
DO _ IM=ItIP
NTOTAL=O
MAX=PO]
DO I I=I_MAX
NTOTaL=NTOTAL+NTABL_(ItIM)
I CONTINUF
NTFMP=O
GLVL ( 1 _IM)=O,O
NCT=NTOTAL/10
II=P
DO P I=),MAX
IJ=I-]
NT_MP=NT_MP+(NTA_L_(IJ,IM)+NTARL_(T,IM))/2
I_ (NT_MP .LT. NCT) GO TO
NTFMP=NTFMP-NCT
GLVL(II,IM)=_LOAT(TJ)/SCALF+XMIN-,_
II=II+l
P CONTINUE
GLVL(II_IM)=XMAX
CONTINUE
DO _0 M=1_1!
WRTT_(6tlO00) (GLVL(M,MM),MM=I_Ip)
PO CONTINUF
]000 FORMAT(IXg]2F6e])
RFTURN
FNn
$1R_TC MODP
_UBROUTINF GLFVEL
C 709a D_CK - MULTISPECTRAL SCANNFR PLOT
DIMFNSION IALPHA(20)
DIMENSION IARAY(25&)
DIMENSION IWAVF{13)
DIMENSION NUM(pO},PERCEN(20)
DIMENSION XLIM(1))
COMMON DATA(1))
COMMONICI/ GLVL(I],I2),NWHICM(IP)
NAM=LTST/INPUT2/Nc_tNsPs_NSCANStNSKIP_NSTART,NSTOP,IT_RM,N,IcHAN,
IPRT,IPLT,INCX_INCY,NSTX,NSTY_NBTLG_MODE_NCRE_LTN¢IOPT
NAMFLIST/GRYLVL/GLVL
IN=5
INI=!O
TOI_T=6
NFLAG=O
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"_0_
301
'_07
C
C
1003
"_00
777
9
P
C
C
C
80_
8O6
NFLGPT=O
RCWIN_ INI
CALL CAMRAV|_5)
CALL RUTTV(I}
RFAO(_tINPUT_)
WRITr(6tINPUT?)
DO 30_ I=I,N
XLTM(I)=GLVL(ItICHAN}
CONTTNUF
RCAO (INtGRYLVL}
If (IOPT ,_Q, O} GO TO 302
nO 301 I=ltN
XLIM(1)=GLVL(191CHAN)
CONTINUE
CONTINUE
RCAD(INtIO?)
RFAD (IN,99) (IALPHatl}tI=ItN )tLLP
RrA_(IN_I09} XLOW_XUPPs(IWAV_(I}_I=l,12}
WRITF(IOUT,]]O)
_ORMAT(1X_12A6tI6_SX_2F8,41
CONTINUF
_0 7_7 I=],N
NUM(1)=O
CONTINUr
KK=N-I
WRITF(IOUT,I06}
WRITE(IOUT_]IO)
WRITF(IOUT_]O?}
WRITF(IOUT_106}
WRITe{lOUT,]03} ICW_N
_0 _ I=I,KK
Ir(IsFQ,]} GO TO 9
WRTTr (6,105} IALPHA(I}tXLIM(1)_XLIM(I+I}
GO TO 2
WRITe(lOUT,It2) (IWAVF{K)tK=I_ 12)_IALPHA(I},XLIM(1)sXLIM(I+]}
GO TO 2
CONTINUE
WRITr(IOUT_]06)
CALL LABFL](NSTART_NSTOPtNCRF}
INUM COUNTS SCAN LIN_S
INIIM=O
I_IF=NSTOP-NSTART+I
IF (NSKIP ,TO, O} GO TO 808
_0 RO_ I=IsNSKIP
NVLAG?=I
CaLL G_TI(D_TA_NSPS_O_NCH_N$caNO_LTN_IcRR,N_LAG2_NcLa_,NSTART_
]NBTLG_MOD_,NCRFtITYRE_MSFC}
CONTINUE
CONTINUF
NFLAGI=O
CONTINUE
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ITN=n
N_LAG_=I
205 nO 90 IT=NSTART,NSTOP
ITN=ITN+I
CaLL GETI(DATA,NSPS_
1NRTLG_MODFtNCRF,ITYPE,MSFC)
GO TO(BOO,BO],_OO,ROO,BOI),IFRR
_0_ WRTT_(IOtJT,IO0} NSrANO
Gh TO q_O
mOO CONTINU_
DO 601 I=P,N
IF (DATA(ICHAN) .GT. XLIM(I})
NUM(I-I)=NUM(I-I)+I
IARAY(IIN)=IALPHA(I-I}
GO TO QO
501 CONTINUE
qO CONTINU_
NUMTOT=INUM*IDIF
TOTNUM=NUMTOT
TOTPFR=OeO
DO 8_8 I=1,11
XXXNUM=NUM(I}
P_RCRN(I}=(XXXNUM/TOTNUM) _ 100.0
TOTPrR=TOTPFR+PFRC_N(I}
_RR CONTTNU_
Q_ CONTINUE
INUM=INUM÷]
IF (IPRT .TO. O} GO TO 889
O,NCH,NSCANO,INI,IERR,NFLAG2,NFLAG,NSTART_
GO TO 601
WRTT_(IOUT,I04} NSrANO_(IARAY(K}_K=I,IDIF}tLLP
_Aq CONTINUE
I_ (IPLT .EQ. O} GO TO _90
CALL PLTBFI(IARAY,T_IFtNRLK,INCX,INCY,NSTX,NSTY,NCRF,
1NFLGPT,NFLAG1}
_o0 CONTINUE
IF (NSCANO .GF. NSCANS} GO TO 218
GO TO
_!_ CONTINUE
N_LAGI=O
NFLGDT=O
N_CANO=O
N_TART=NSTOP+I
NSTOP=NSTOP+IDIF
IF (NSTOP ,G_. NSPS} NSTOP=NSPS
ITFRM=ITFRM-]
REWIND IN]
WRITr (IOUT,110)
WRTT_ (IOUT,IIA}
_0 686 I:l,ll
WRTTc (IOUTollS} ItNUM(I}_PFRcFN(I},IALPHA(1)
&66 CONTINUE
WRTT_ (IOUT,116) NUMTOT_TOTPER
IF(ITFRM,GT.O) GO TO 300
qB WRITE(IOUT,I]O)
q_ FORMAT(_A]}
100 FORMAT(1614)
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103
104
105
106
lO_
109
110
111
112
115
116
117
99':)
FORMAT(lIE6,1)
FORMAT(ROH
1 )
FORMATI2Xt8HCHANNEL 12t36X,22HSYMBOL INTERVAL /)
CORMAT(SXgI4,1X_lH_120AI,A1)
FORMAT(5OXtAI,8XtF6.I,3H - tF6.1l
FORMAT(IX/)
FORMATilOX,11_A1)
_ORMAT(2FIO,O_I2AI)
FORMATI]H1/)
FORMATI2Xt83HCROPS C5-1795-22,5-5t5-8, ALTITUDE
1 DATE RECORDED 6130166 //)
FORMAT(2Xt23HWAV_ LENGTH (MICRONS) ,12Al,13X,A1,8X,F611_
I_H - *F6,1)
FORMAT(llX_112A1)
FORMAT(20X,SHCLASS,TXg13HSAMPLF NUMBFR,6X,7HPERr_NT,IOX,
!I?HALPHA SYMBOL/)
FORMAT (21X,12,10X,T6,12X,F7,2,15X,A1)
FORMAT (20XtSHTOTALt 8XtI6_12XtF?,2)
FORMAT (314912F7,3)
CONTINUE
R_WlND IN1
R_TURN
FND
2000 FT.
$1RFTc
I0
PLOTTI
SUBROUTINE LABFLIINSTARTtNSTOPtINCRE )
bIM{NSION IOUT(120)_JOUT(120),KOUT(120),LOUT(120)
NOIF=(NSTOP-NSTART+I)/INCR_
II=O
DO I I=NSTART,NSTOP_INCRE
IT=I)+1
IOUT(II)=IIIO00
JOUT(II)=I/IO0-1/]O00*IO
KOUT(II)=I/IO-I/IO0*IO
LOUT(II)=I-IIIO*IO
IF (LOUT(If)
CONTINUE
WRITE (6,10)
WRIT_ (6,10)
WRITE (6,10)
WRITE (6,10)
FORMAT
RETURN
,LE, 0 ) LOUT(IIi=O
(IOUT(I)_I=I,N_IF}
(JOUT(1),I=I_NDIF)
(KOUT(1)_I=I,N_Iff)
(LOUT(1),I=I,NDIF)
lllXol2011)
$1BFTC PLLTTI
sumROUTINF PLTREI(ISYM,NN_NsQR,INCX,INCYgNSTXtNSTYoNCRE,
1NFLAG,NFLAG])
DIMENSION ISYM(1),NBUFERI50)
IF (NFLAG ,NE, O} 60 TO 10
NSQR'IO26/IABS(INCY+INCX)
I0 CONTINUE
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11
?0
[_ (NFL&G1 .N_. O) _O TO 20
CALL FRAMFV(O)
NCOUNT=O
INCRX=NSTX
INCRY=NSTY
NFLAG1=]
IF (NFLAG ,EQ, O) GO TO 11
¢_LL ARRNTV (INCX_IN_YtNNtN@UFER,INcRX,INcRY)
INCRY=INCRY+INCX
INCRX=INCRX÷IABS(INCY)
NFLAG=I
CONTINUF
NCOUNT=NCOUNT+I
DO I I=1,_0
NRt_FFR(1)=O
CONTINUE
IA=O
DO ? I=I_NN
IB=TA+6
IC=IB/6
ID=IB-IC*6
IF=ID*6
IA=I4+I
CALL FLD(NBUFFR(IC)_I_96t O_ISYM(1))
CONTINUF
CALL APRNTV(INCX,INcY,NN,NBUFER_INcRX,INcRY)
INCRY=INCRY+INCX
INCRX=INCRX+IARS(INCY)
IF (NCOUNT ,GE, NSQR) NFLAGI=O
RFTURN
END
$1_FTr GFTnA]
SuRROUTINF
INFLAG,
INSTARTgNBTLG,MODE,NCREgITYPF,MSFC
DIMENSION DATA(]),NDAT(890)
_ATA NFLAG/O/
IF (NFLaG ,NF, 0 ) GO TO 12
NT_MP=NCPW*(NCRE-I)
N_CANO=O
NL=_6-NSTLG
NBLNG=_6/NBTLG
NFLAG=I
NSTMP=(NSPS+NSTART-!)*NCPW+MSFC*Iq
NSCANS=NSTMP
NTMP.NSTMP/NBLNG
NSTMP=NSTMP/NBLNG*NBLNG
IF (NSTMP ,LT, NSCANS) NTMP=NTMP+I
NSCANS=NTMP
IF (NSKIP oEO, O) GO TO 402
DO 401 I=ItNSKIP
NSCANO=NSCANO+I
CALL SKRBIN (IRW_I_RD )
GFTI(DATA_NSPS_NSKIP,N_Pw_NscANO,IRW_IERR,NFLAG2,
)
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401
60_
17
50
51
1000
10
]4
CONTINUF
CONTINUE
CONTINUE
IF (NFLAG2 .EQ. O) GO TO 10
CONTINUE
M=(NSTART-1)_NCPW+MSFC*19
IF (MOOE ,EQ, 1) GO TO 50
CALL R_TPR (IRWtMOhFt1FRRtNWtNScANStNDAT)
GO TO 51
CALL RE_TPC (IRW_MOD_tIFRRtNWtNScANSgNDAT)
CONTINUE
FORMAT (1XtI6)
NNW=NWt6
NFLAG2=O
N_CANO=NSCANO+I
CONTINUE
DO IA NN=ItNCPW
IB=M+NBLNG
ID=IBINBLNG
IF=IB-NBLNG*ID
IBIT=NBTLGeIF
M=M+I
IF (ITYP_ ,EQ, 1) GO TO 15
N_ATA=O
CALL FLD(NDATA,NL_NBTLGtIBITgNDATIID))
DATAINNI=NDATA
GO TO 14
CONTINUE
DATAN=O,O
CALL FLD(DATAN,NLtNRTLGtIBITtNDAT(ID))
DATA(NN)=DATAN
CONTINUE
M=M+NTEMP
RETURN
END
$ORIGIN
$1BFTC MOD_
C
1060
1061
ALPHA • SYSUT2 • RF_W
SUBROUTINE JONTPB
_IMENSION NKNT(4OOOttNP(4OOOt2)_NWKCD( 750)tNWKCL( 75_)
_tMFNSION DATA(l?)
_IM_NSION IRIN(750)
DIMENSION ALPNUM(4?},ALPHA(120)_CORDX(31
DIMENSION IMX(6),IMY(6)
NAMELIST /INPUT3/ NCHtNSPS,NSCANS_NSKIP,NSTART_NSTOP_LTN,NBTLG,
MODE_ITYPE_MSFC,NCRF_NOJP_IMX_IMY_SCALE_BIAS
DATA ASTRIK/1H_I
DATA XMARK/1HX/
DATA BLANK/6H /
FORMAT(48Xt25HDATA SWITCH HAS OCCURRED )
FORMATI49X930HJOINT PROBABILITY DISTRIBUTION )
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1062
1063
10/+0
I
106/+
1065
1
]000
C
10
16
999
1070
N/SYMBOL ]
,55X,SHPART tTI,4H OF
FORMATtlHI)
FORMAT(/+4XtlIH X-AXIS IS ,I6,6X,IIH Y-AXIS IS _16}
FORMAT(IH t6?H MAXIMUM PROBABILITY OF uNcOMMONALITY
INUE EXCUTION ,16)
FORMAT(IXt26HSYMBOL
cORMAT(IIXtI21(IH*},/tIIX,IH*
,!!X,121(IH*))
IRT:11
NFLG_=O
LIMIT:4000
RFAD(5,1NPUT_)
WRITF(6,1NPUT_)
R_AD(5_IO00) (ALPNUMII)tI:It47)
FORMATtIX,/+TAI)
RFWIND IRT
DO 80 NTIMF=I,NOJP
NFLG=O
NH=I
NV=?
IF (NSKIP ,EQ. O) GO TO 9
DO _ I=I,NSKIP
CALL SKRBIN(LTN,!,RD]
CONTINUE
CONTINUE
MIX=IMX(NTIME}
MIY=IMY(NTIME)
DO 10 1:I,4000
NKNT(I]=I
WRITE (6,1067)
WRIT_(6,1 061 }
WRITE(6,1061) MIX,MTY
NCLS=I
DO 1_ MRP=IgNSCANS
NFLAGP=I
DO 15 MPR=I,NSPS
Ir (NFLG_ .GT. O) GO TO ]6
CALL GFT2(DATa,NSPSgO,NCH,NScANO,LTN,IFRR,NFLAG2,NSTART,
INRTLG,MO_F,NcRF,ITYPF,MSFC)
Nc=DATA(MIX}*SCAL_+nlAS
NR=DATA(MIY)*SCALF÷RIAS
IF (NC ,LT, I) NC=]
IF (NC ,GT. 255) NC=255
IF (NR .LT. 1) NR=I
IF (NR .GT. 255} NR=255
NP(ItNH}:NC
NP(I,NV}=NR
NFLG_=I
GO TO 15
CONTINUE
CALL GET2(DATAtNSPSgOtNCH,NScANO,LTN,IFRR_NFLAG2,NSTA RTt
INRTLGtMODEtNERFtITYPEgMSFC)
GO TO 1996,999t9989996_999),IFRR
WRITF(6tI070) NSCANO
FORMaTI33HFND-OF-FILF ON INPUT AT SCAN NO. ,16)
GO TO 99_
EXCEEDED- CONT
,TI,53XtlH*,/
132
998 WRITE(6ol07])
1071FORMATI27HIRRECOVERABLE PARITY ERROR
GO TO 995
996 CONTINUE
NCeDATA(MIXI_SCALF+_IAS
NR=DATA(MIY)_ScAL_+RIAS
IF (NC ,LT, It N?=I
IP (NC ,GT, 255t Nr=255
IF (MR ,LT, 1! NR=I
IF (MR ,GT. 255) NR=255
DO 11 I-I,NCLS
IF (NC ,ME. NP(IgNH}) GO TO 11
IF (NR ,NEe NPiI,NV)) GO TO 1l
NKNT(I}=NKNT(I)+I
GO TO 1_
11 CONTINUE
IF INCLS ,GE, LIMIT) GO TO 15
NCLS=NCLS+I
NP(NCLS,NH)=NC
NP(NCLS,NV)=NR
15 CONTINUE
1_ CONTINUE
17 CONTINUE
1070 FORMAT [lXt_I6)
C
25
C
FIND MINIMUM AND MAXIMUM IN ROW AND COLUMN DATA
MINC=NP(IoNH)
MAXC-NP(ItNH)
MINRmNP(I_NV)
MAXRmNP(I_NV)
_0 ?_ I=I, NCLS
IF (NPIItNH} ,GT. MAXC) MAXC=NP(I_NH)
IF (NP(19NV) ,GT, MAXR) MAXR=NP(ItNV)
IF (NP(I,NHI .LT, MINC} MINC=NP(ItNH)
IF (NP(I,NV) ,LT, MINR) MINR=NP(ItNV)
CONTINUE
TEST FOR SPREAD
NDIFVmMAXR-MINR+I
NDIFH=MAXC-MINC+I
IF (NDIFV ,GE, NDIFH) GO TO 19
WRIT_(6t!O_O)
WRIT_(69106_) MIYtMIX
NH=2
NV=I
NTEMP=MAXC
MAXC=MAXR
MAXRtNTFMP
NT_MP=MINC
MINC=MINR
MINR-NTEMP
NTEMPsNDIFH
NDIFH=NDIFV
NDIFV=NTEMP
CONTINUE
WRITC(6tlO6A)
ORDER ROW DATA IN hcCENDING ORDER
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C21
PO
C
22
10_0
2_
14
C
C
_0
1021
BUBBLE-UP
NSORT:NCLS
CONTINUE
DO pO I:2,NSORT
IF (NP(I-I,NV} .GE. NP(I,NV}) GO TO 20
NT_MPI=NP(I-I,NV)
NT_MP_=NP(I-I,NH}
NTFMPI=NKNT(I-I)
NP(I-I,NV)=NP(I,NV)
NP(I-I,NH}=NP(I,NH)
NKNT(I-I)=NKNT(1)
NP(I,NVI=NTEMPI
NP(I,NH)=NTEMP?
NKNT(1)=NTEMPl
CONTINU_
N_ORT=NSORT-1
IF (NSORT ,GT, 1) GO TO 21
CALCULATF TABLF
MAXKNT=O
DO 2_ I_ItNCLS
IF {NKNT(I} ,GT, MAXKNT} MAXKNT=NKNT(1)
NFACT=MAXKNT/4_
XXX=FLOAT(MAXKNT)/&6,0
NFAC=O
IF (NFACT .LT. ]) NFACT=I
WRIT_(691050) BLANK,N_AC
NFAC=NFAC+NFACT
DO 2_ I=1,46
WRIT_(6_I050} ALPNUM(I},NFAC
FORMAT (IX,A&,6X,16}
N_C=NFAC+NFACT
CONTINUF
GO TO I@
CONTINUE
WRITE(6,!040) LIMIT
GO TO 17
CONTINUE
PRINT DISTRIBUTION ON PAGE
SFT UP LOOP
ITFRM-I
IF (NDIFH ,EQ. 120) GO TO 40
ITFRM=NDIFH/]20+I
CONTINUE
NST-I
N_O=NST+Ilq
IF (NSO °GT. NDIFH} NSO=NDIFH
DO SO LOOP=I,ITFRM
WRIT_(6_I06_) LOOR,ITERM
CORDX(1)=FLOAT(NST+MINC-2)
CORDX(2)=CORDX(])+60.O
CORDX(3)=cORDX(1)+110.O
FORMAT (IH1)
IB=I
DO 60 II=I_NDIFV
DO 66 I=1,1_0
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66
C
C
C
C68
C69
ALPHA(I)'RLANK
CONTINUE
IF (NFLG .EQe 1) GO TO 69
DO 68 I=I,NOIFH
IRIN(11=O
CONTINUE
CONTINUE
IF (NPKIRtNV) eNE, MAXR-II+I) GO TO 65
IA=O
DO ?6 I=IBtNCLS
IF=l
IF (NP(ItNV) .NEe NP(IBtNV)I GO TO _1
IA-IA+I
NWKCO(IA)=NP(19NH)
NWKCL(IA)=NKNT(1)
26 CONTINUE
31 CONTINUE
IBmlE
ORDER X-AXIS
NSORT=IA
NUMCLX=IA
IF (IA .LE, 1) GO TO _0
)8 CONTINUE
DO 27 IC=29NSORT
IF (NWKCD(IC-I) ,LF, NWKCD(IC)) GO TO 27
NTEMPI=NWKCD(IC-1)
NTEMP2=NWKCL(IC-1)
NWKCO(IC-II=NWKCD(IC)
NWKCL(IC-lt=NWKCL(I_)
NWKC_IIc)=NTENP]
NWKCL(IC)=NTEMP_
77 CONTINUE
NSORT.NSORT-]
IF (NSORT ,GE, 2) GO TO 28
]0_0 FORMAT(IXt216)
I0 CONTINUE
C IF (NFLG .EQ. 1) GO TO 91
C IM=I
C _0 90 I=I,NDIFH
C IF (NWKCD(IM) .NE, I) GO TO 90
C IRIN(1)=NWKCL(IM)
C IM-IM+I
C90 CONTINUE
CO1 CONTINUE
NMI=NST÷MINC-1
DO 67 ID=ltNUMCLX
IF (NWKCD(ID) ,LT, NM]) GO TO 67
IC=ID
GO TO _q
67 CONTINUE
2q CONTINUE
IA=O
DO 64 I=NST,NSO
IA'IA+I
IF (NWKCD(IC) ,NF, NINC+I-]) GO TO 6_
C
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XX=FLOAT(NWKCL(IC))/XXX
TcAR=XX+(1.0OI-].O/XXX)
ALPHA(IA}=ALPNUM(ICAR}
IC=IC+]
64 CONTINUE
6_ CONTINUE
IF (NFLG .EQ. I) GO TO 70
C WRITF(IRT) (IBIN(1),I=I_NDIFH)
70 CONTINUE
CORDY=FLOAT(MAXR-II+])
YMARG=XMARK
IF (NDIFV-II .NF. (NDIFV-I-II/IO*IO)) YMARG=ASTRIK
WRITF(6t]OO8) cORDyoYMARG_(ALPHA(1),I=I_120)
1008 FORMAT(1XgF8.1_2X_A]_I20AI)
60 CONTINUF
NST=NSO+I
NSO=NST÷]Ig
IF (NSO .GT. NDIFH) NSO=NDIFH
WRITE(6_]010)
WRITF(6_]011) CORDX(1)tCORDX(2)_cORDX(_)
1011 FORMAT (6XtF]O.4tSOXgF]O.4_4OX_FIO.4)
NFLG=]
WRITF(6,106_)
SO CONTINUF
REWIND LTN
C END FILE IRT
80 CONTINUE
C REWIND IRT
OQS CONTINUF
I010 FORMAT (lIX,1_(lOHX*********)}
RETURN
END
$1RPTC GFTDA2
SuRROUTINE
INSTART,NRTLG_MODEtNcRFgITYPF_MSFC
DIMFNSION DATA(]),NDAT(890)
DATA NFLAG/O/
IF (NFLAG .NF. 0 } _0 TO 12
NTFMP=NCPW*(NCRE-I)
NSCANO=O
NL=_6-NBTL6
NBLNG=_6/NBTLG
NFLAG-I
NSTMP=(NSPS+NSTART-II*NCPW+MSFC*Ig
NS_ANS=NSTMP
NTMP=NSTMP/NBLN6
NSTMP=NSTMP/NBLNGeNBLNG
IF (NSTMP .LT. NSCANS) NTMP=NTMP+I
NSCANS=NTMP
IF (NSKIP .EQ. O) GO TO 402
O0 401 I=I,NSKIP
NSCANO=NSCANO+I
CALL SKRBIN (IRW,lgRD )
6ET2(DATA_NSPS_NSKIP,NCPW,NSCANO_IRW_IERR_NFLAG2_
)
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_01 CONTINUF
_0_ CONTINUF
17 CONTINUE
IF (NFLAG? oEO, O) GO TO 10
1_ CONTINUE
M=(NSTART-1)_NCPN+MSFC_19
IF (MODF ,CO, It GO TO 50
CALL RE_TPR (TRWtMOOFtIFRR,NWgNScANStNDAT)
GO TO 51
50 CALL REOTPC (IRWgMOOE,IERR,NW,NScANS,NDAT)
51 CONTINUE
1000 FORMAT (lXt|6)
NNHzNH_6
NFLAG_=O
NSCANO=NSCANO+I
10 CONT|NUF
DO 14 NN=ltNCPW
IB=M+NBLNG
ID=IB/NBLNG
IFmTR-NBLNG*ID
TRIT=NBTLG_IF
M=M+I
IF (TTYPF ,FQ, 11 GO TO 15
NDATA=O
CALL FLD(NDATAtNLtNBTLGgIBITtNDAT(ID))
OATA(NN)=NOATA
GO TO 14
15 CONTINUE
_ATAN=O,O
CALL FLD(DATAN_NLgNRTLG,IBIT_NDAT(TDI)
_ATA(NN}=_ATAN
]4 CONTINUE
M=M+NTEMP
RETURN
END
$ORIGIN ALPHA,SYSUT?,REW
$IBFTC MODA
SUBROUTINF ISOMET
DIMENSION NTA(256)tNTR(256}t DATA(256),TIMF(256},DAT(]2)
DIMENSION NTC(256)tNTD(256)
NAMELIST/INPUT4/ NCH,NSPS,NSKIP,NBTLG,MODE,IRW,NCHAN,NsNCRE,NPCRE,
]ITYPF,MSFC9
?NPTSL,NPTSU,
IMAXSCN,XMIN,XMAX,YMINtYMAX,NBLSZX,NBLSZY,NSECT,NSMOV
?tNDIREC
RFAD (StINPUT4)
WRTTF(6,INPUT4)
NUP=512/NBLSZY
NRLDIR=NRLSZX_NDIRFC
NTIMFS=MAXSCN/NUP
CALL CAMRAV(q)
NRACK=I
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IF (NSKIP °EQ. O) GO TO 33
DO 3_ I=],NSKIP
NFLAG2=]
CALL GET3(DATtNSPStO_NCHtNSCANO.IRW,IERR,NFLAG2,NPTSL.NBTLG.
12 9NPcREgITYPE,MSFC)
_P CONTINUE
3_ CONTINUE
DO IB MMRR=ItNSECT
NPTSUU=NPTSU
XMIN-FLOAT(NPTSL)
XMAX=FLOAT(NPTSUU)
NDIFF=NPTSUU-NPTSL+I
IF (NSMOV .NF° O) NPTSUM=NDIFF -NSMOV+I
NFLAG=0
DO 16 MPR=],NTIMFS
IF (NDIRFC) _3,24,7A
24 IXR=512-(512/NBLSZX-NUP)*N_LSZX
IXL-O
GO TO 25
23 IXL=512-(512/NBLSZX-NUP)_NBLSZX
IXR=O
2_ CONTINUE
IYR=Sl_
IYT=O
CALL FRAMEV(O)
DO 10 MRP=I,NUP
DO I? MMRP=I,NSNCRF
NFLAG?=]
CALL GFT3(DAT,NSPS,O,NCH,NSCANO,IRW,IERR.NFLAG2.NPTSL,NBTLG,
IMODFtNPCRF_ITYPF,MSCC)
IF (NFLAG .FQ. O) AO TO ]9
]7 CONTINUF
19 CONTINUE
NFLAG=]
DATA(1)=DAT(NCHAN)
DO 1 I=2,NDIFF
CALL G_TI(DAT,NSPS,O,NCH,NSCANO,IRW,IFRR,NFLAG2.NPTSL.NBTLG.
1MO_F,NPcRF,ITYPE,MSCC)
_ATA(I}=DAT(NCHAN)
I CONTINUE
IF (NSMOV .EQ. O) GO TO 22
DO 20 I=1 9NPTSUM
IA=I
IB=IA+NSMOV-]
TEMP=O.O
DO _1 II=IA+IB
21
20
27
TFMP
CONT
TFMP
DATA
CONT
CONT
CALL
CALL
CALL
=T_MP+DATA(II)
INU_
=TEMP/FLOAT(NSMOV)
(1)=TFMP
INUF
INUE
SETMIV
XSCALV
YSCALV
(IXL,IXR,IYB.IYT)
(XMIN,XMAX,IXL,IXR)
(YMIN,YMAX,IYB,IYT)
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11
15
10
16
1
31
_0
1R
DO 11 I=1tNDIFF
TIME{I}=FLOATINPTSL-I+I}
NTA(It=NYV(DATA(1))
NTB(1)mNXVITIMFII)}
CONTINUE
DO 17 I=2tNDIFF
CALL LINEV (NTR(T'-I)_NTA{I-])gNTB(!
CONTINU_
IF (MRP ,LE, 1) GO TO 15
nO 13 I=ltNDIFF
CALL LINEV (NTD{I}tNTC(1)_NTP(1)gNTA(1))
CONTINUE
CONTINUE
nO 14 I=]tNDIFF
NTD(1)=NTR(1)
NTC(1)-NTA(I}
CONTINUE
IXL=IXL+NBLDIR
IXR=IXR-NBLDIR
IYB=IYB-NBLSZY
IYT-IYT+NBLSZY
CONTINUE
CALL BSRFCD(IRWtNBACK,NOF)
CONTINUE
REWIND IRW
IF (NSKIP ,EQ, O) GO TO 30
DO 31 I=ItNSKIP
NFLAG2=I
),NTA(I ))
CALL GET3(DATINSPSoOgNCH,NScANO,IRWtIFRRgNFLAG29NPTSLtNBTLGt
MODEtNPcRE_ITYPEoMSFC)
CONTINUE
CONTINUE
NPTSU=NPTSUU
NTFMP=NPTSL
NPTSL=NPTSU+]
NPTSU=NPTSU+(NPTSU-NTEMP)+I
CONTINUE
RETURN
END
SIRFTC GFTnA3
suBROUTINE GET3{DATAgNsPstNSKIPtNCPwtNSCANOtIRW_IERRtNFLAG2t
]NSTARTtNBTLGoMODE,NCRE_ITYPEtMSFC}
DIMENSION DATA{I),NDAT(890)
DATA NFLAGIOt
IF {NFLAG .NF. 0 ) GO TO 12
NTFMP-(NCRE-I)_NCPW
NSCANO=O
NL=36-NBTLG
NBLNGm361NBTLG
NFLAG'I
NSTMP=(NSPS+NSTART-I)*NCPW+MSFC*Iq
NSCANS=NSTMP
NTMP=NSTMP/NBLNG
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NSTMP:NSTMP/NBLNG*NBLNG
IF (NSTMP .LT. NSCANS) NTMP:NTMP+I
NSCANS:NTMP
IF (NSKIP .EQ. O) GO TO 402
DO 401 I:I,NSKIP
NSCANO=NSCANO+I
CALL SKRBIN (IRWtI,RD )
401 CONTINUE
402 CONTINUE
1? CONTINUE
IF (NFLAG? .EQ. O) GO TO I0
1_ CONTINUE
M=(NSTART-])*NcPW+MSFC*I9
T_ (MODF ._O. I) GO TO 50
CALL RF_TPR (IRW,MO_F,IERR,NWtNSCANS_NDAT)
GO TO 51
50 CALL REDTPC (IRWtMODEtIERR,NW_NScANStNDAT)
51 CONTINUE
1000 FORMAT (_X916)
NNW=NW_6
NFLAG_=O
NSCANO=NSCANO+I
I0 CONTINUE
DO 14 NN=I_NCPW
IB=M+NBLNG
ID:IB/NBLNG
IF=IB-NBLNG*ID
IBITmNBTLG*IF
M=M+_
I_ (ITYPF .FQ. 1) GO TO 15
NDATA=O
CALL FLD(NDATA,NL,NBTLGgIBITgNDAT(ID))
DATA(NN)=NDATA
GO TO 14
]5 CONTINUE
DATAN=O,O
CALL FLD(DATANtNLtNBTLG,IBIT,NDAT(I_))
DATA(NN)=DATAN
14 CONTINUF
M=M+NTEMP
RETURN
END
$ORIGIN ALPHAgSYSUT29REW
$1RFTC MOD_
SUBROUTINE CNTLIN
DIMENSION DAT(12)
COMMON /LAB INI3tNc3,NT3,Z(2560)_KON(3400)tNI2,NF2,NT2,U(3400)_
1V(_400)
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26
25
C
21
NAMELIST IINPUTSI NCHtNSPs,IRWtNCHANtNSNCRE,NPCRE_NPTSL,NPT_U,
?NBTLGtMODE,
?ITYPEtMSFCt
_NSKIPt
1MAXScNoNSFCTt MSZXt MSZYt RLKgFHINCtZMINgZMAXtLAR
RFAD i_tINPUT_)
WRITE (6tINPUTS}
CALL OPEN (IRWt]!
IXRm]OZ4.0-BLK+e5
IXLsO
IYB-O
IYTmI_6
NCREmNPCRE
NBLLK=XO24,01BLK÷,B
XNBLK- BLK
FNPTSLmNPTSL
FNPTSU-NPTSU
NUP-NAXSCN/ iiMSZY-I)_NSNCRE)
NSECT-NSPS/ MSZX
NOIF-(NPTSU-NPTSL+I)/NPCRE
NFLAG]-O
FDIF=NDIF
FRMm MSZY
CALL CAMRAV( _5)
NWDS=NCH_NSPS
CALL BUTTV(I)
CALL 5ETMIV(IXLtIXRgIYRtIYT)
IF (NSKIP .EO, O) GO TO 25
DO 76 ImIgNSKIP
NFLAG2-1
CALL GET5(DATtNSPS ,09NCHtNSCANOtIRWgIERRgNFLAG2,NPTSL,
1NBTLGtMODE,NPCREtITYPEtMSFC)
CONTINUE
CONTINUE
READ(IRW)
IIl-O
CALL FRAMEV(O)
DO 18 MMRR=ltNSECT
NPLTMPINPTSL+I
NPTSUU-NPTSU
NPTSU-NPTSU-NPCRE'
NFLAG-O
IMMtO
DO ]6 MRPP=]tNUP
IIl-III÷]
IF (III .LE. NRLLK)GO TO 21
CALL FRAMEV(O)
III=I
IXR=]O24.0-BLK+.5
IXL-O
CONTINUE
CALL YSCALV(1.0 tFDIF ,IYBtlYT)
CALL XSCALV(I.O_FRM,IXLtIXR)
DO 10 MRP=I, MSZY
IF (NFLAG1 .NE, 1) GO TO 20
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??
2O
I001
DO 22 IIM:I,NDIF
IMM:IMM+I
IMIzIMI+!
Z(IMM)-Z(IMI)
CONTINUE
NFLAGI:O
GO TO 10
CONTINUE
DO ]7 MMRP=],NSNCRE
NFLAG?=I
FORMAT(lX,16F4.1)
CALL GFTS(DATgNSPS tOtNCH,NSCANO,IRW,IERR,NFLAG2,NPTSL,
INBTLG,MODF,NPCRF,ITYPF,MSFC}
IF (NFLAG ,FQ, O) GO TO 19
17 CONTINUE
IQ CONTINUE
NFLAG:]
IMM:IMM+]
Z(IMM):DAT(NCHAN}
DO I I=NPLTMP,NPTSUU,NPCRF
IMM:IMM+I
CALL GETS(DAT,NSPS ,O,NCH,NSCANO,IRW,IERR,NFLAG2,NPTSL,
INBTLG,MODF,NPCRE,ITYPF,MSFC}
Z(IMMI=DAT(NCHAN}
1 CONTINUE
I0 CONTINUE
]000 FORMAT (IX,IOFIO,2}
CALL cONTOR(MSZY,NmIF,CHINr,LA_,cNPTSL,FNPTSU,FRM,ZMIN,ZMAX)
IXL:FLOAT(IXL}+BLK+,5
IXR:FLOAT(IXR}-BLK+,5
CALL SFTMIV (IXL,IXR,IYB,IYT}
IMM:O
IMI=(MSZY-I}*NDIF
NFLAGI=I
16 CONTINUF
C R_WIND IRW
C RFAD (IRW}
NPTSU=NPTSUU
NTFMP=NPTSL
NPTSL=NPTSU-NPCRE
NPTSU=NPTSU+(NPTSU-NTEMP)-NPCRE
1_ CONTINUE
qTOP
$1RFTr _FT_A5
SUBROUTINE GFTS(DATA,NSPS,NSKIP,NcPW,NScANO,IRW,IFRR,NFLAG2,
INSTART,NRTLG,MODF,NcRF,ITYPF,MSFC)
DIMENSION DATA(]),NDAT(B90)
DATA NFLAGIOI
IF (NFLAG ,NF, 0 ) GO TO 12
NTFMP=(NCRE-1)*NCPw
NSCANO:O
NL=36-NBTLG
NBLNG=36/NBTLG
NFLAG=I
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401
_02
50
]000
30
15
14
NSTNPz(NSPS+NSTART-1)_NCPW+MSFC_19
NSCANSmNSTMP
NTMPmNSTMP/NBLNG
NSTMP=NSTMPINBLNG_NRLNG
IF (NSTMP ,LTe NSCANS) NTMP=NTMP+I
NSCANSmNTMP
IF (NSKtP ,EOe O! GO TO 402
DO 401 I=19NSKIP
NSCANO=NSCANO+I
CALL SKRBIN (IRWtlgRD )
CONTINUE
CONTINUF
CONTINUE
IF (NFLAG2 ,_Q. O) GO TO 10
CONTINUE
M=(NSTART-1)_NcPW+MSFC_]9
IF (MODE oEQo 1) GO TO 50
CALL REOTPR (IRWtMODEtIERR,Nw,NSCANStNDAT)
GO TO _1
cALL REDTPc (IRWtMOoFtTFRR,NN,NScANS,NDAT)
CONTINUE
FORMAT (1X_I6)
NNW=NW_6
NFLAG?=O
NSCANO=NSCANO+1
CONTINUE
DO 16 NN=ltNCPW
!B_M+NBLNG
TDITR/NBLNG
!F=!_-NBLNG_TD
IBIT=NBTLG_IF
M=M+]
IF (ITYPF ,EQ, 1) GO TO 15
NDATA=O
CALL FL_(NDATAtNL,N_TLG,I_ITgNDAT(Tn))
_ATA(NN)=NDATA
GO TO 14
CONTINUF
DATAN=OeO
CALL FLD(DATANtNLtNRTLGtIBITtNDAT(I_))
DATA(NN)=DATAN
CONTINUE
M=M+NTEMP
R_TURN
FNn
$IBFTC CTOR
suBROUTINE CONTOR(LtM,FHINC,LAB,FNPTSL,FNPTSU,FRM,ZMIN,ZMAX)
nIMFNSION V3(_)
cOMMON /LAB /NT3_N_3,NT3,Zt2560),KON(340Q),NI2,N_2,NT2,U(3_no),
LOGICAL JCOOF
IF (M,GT.OeAND.L,GT.O.ANDoFHINC=GToO.O.AND,LAB,GF,Ot GO TO 1
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?1000
WRITF (6,101) MILIFHINC
RFTURN
N=q400
Nr=(ZMAX-ZMIN)/A_S(_HIN_}
FH=ZMIN
CONTINUF
NLAB=LAB-I
IF (LAB .FQ. O) NLAR=LAB+]
DO 1_ IH=I_NC
NT_=&
NT_=_
V(_}=FNPTSU
U(_)=FRM
V(At=FNPTSL
U(_]=I.O
K=!
NLAB=NLAB+I
I_ (NLAR .NF. LA_) GO TO 5]
NLAR=O
_0 _0 IL=2_L
_0 IO-IM=2_M
I(_)=(TL-I)_M+IM
I{_)=I(_)-]
I(A)=I(_)-M
T(_)=I(1)
X(1)=IM-I
X(?)=TM-_
X(_]=IM
X(A)=IM
X(_)=IM-I
Y(!}=IL-I
Y()I=IL
Y(_}=IL
Y(A)=TL-I
Y(_)=IL-I
IZ_=I(?)
IZ]=I(])
TZ_=T(_)
_ORM^T (
V_(_)=(X
VI(2)=(Y
VI(_=(Z
DO 4 J=l
IZ=T(J)
V_(1}=X(
V_{_)=Y(
V_(q}=Z(
IZ=I(J+_
Vq(11=X(
V_I_)=Y(
(1)+X(A))/_.O
(1)+Y(?))/?.O
(IZ])+Z(IZ_)÷Z(IZ_}+Z(IZ_))/A.O
_4
J)
J)
fZ}
}
J+l)
J+])
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V_f_)=ZfTZ)
TC (V2(_) ,LF. 0.0 oAND, V_f_) oLd. 0.0) GO TO 4
f_ (NV? .FO, NV_) GO TO 4
]002 FORMATtlX*$F]O,2)
_ALL STRTKE(VltV2,V3,FH_P|,P29TER)
A
10
60
6!
6R
64
IF (TFR .NE. 2} GO TO 4
IF (NF_+2 .LF. N] GO TO 59
WRTTF (6,100) FH,N
GO TO 60
N_?=NF?+_
U(NF?-I )=PI(P)
V(NF_-!)=PI(1)
KON(NF?-I)=O
U(NF?t=P?t?)
KON(NF_)=I
CONTINUE
CONTINUE
IF (NI? ,GF, NF?} _0 TO 15
JCODF=.TRUE,
DO 61 J=NI?tNF?
JTFMP=J
DO 61 JJ=?,4,?
IF (U(J) ,EQo U(JJ)) GO TO 68
I_ IV(J) .FO. V(JJ)) GO TO _8
CONTINUE
NT_=NTp+?
U{NT?-!)=U(N!?)
VINT)-I)=VINI_)
KON(NT_-])=O
U(NT))=U(NI?+]}
VtNT?I=VINIT+I}
KON(NI?)=I
NI_=NI?+?
GO TO 70
J=JTFMP
IF (KON(J] .FO. O) GO TO 6?
JJ=J-1
JMAX=J
GO TO 6_
JJ=J+1
JMAX=JJ
V! (I}=U(J}
VI[?)=V(J)
V_(1)=U(JJ)
V)(2)=V(JJ)
JDIF=JMAX-NI?-I
DO 6_ JSUB=I,JDIF
JnFX=JMAX-JSUB+t
K_X=JMAX-JSUB-1
U(JD_X}=U(KDFX)
V(JDFXt=V(KDFX)
NI?=NI2+?
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79
"tO
7_
16
11
801
IF (JCODF) GO TO 79
NT_:NT_+I
U(NT_}:V_(1)
V(NT_)=V_(_)
KON(NT?):I
GO TO 70
NT_=NT?+_
U(NT_-I)=VI(1)
V(NT?-I}=V](?)
KON(NT?-I}=O
TJfNT_)=V?(_)
V(NT?}=V_(?)
KON(NT_)=I
If (NI2 .GE. N_2) GO TO 16
DO 71 J=NI?,NF_
JT_MP=J
IF (U(J},NE.U(NT_}°OR.V(J).NF.V(NTp)} GO TO -tl
JrOD_=.FALSE.
GO TO 6R
CONTINUE
GO TO 60
CONTINUE
NCNT=O
JI=6
O0 _h J:6,NT?
JJ:J
IF (KON{J) .FQ° I} GO TO _I
IF (NCNT .GT. a} GO TO _
DO _ JIJ=JI_JJ
KON(JIJ)=O
CONTINUE
NCNT=O
JI:J
GO TO _0
NCNT=NCNT+I
CONTINUF
IF (K °NFo )) GO TO _01
CALL LABFL(FH)
CONTINUE
DO 800 J=6,NT2
JI_L=NXV(U(J) )
JVL=NYV(V(J))
JIIR=NXV(U(J+I ))
JVR=NYV(V(J+I}}
r WR?T_ (6,]001) JUL,JVL,JUR,JVR
1003 _ORMAT(IX,_I&}
Ir (KON(J÷]) .NF. O} CALL LINFV(JUL,JVL,JUR,JVR)
_00 CONTINUE
15 F_:FH+FHINC
100 FORMAT (45H WARNING IN SUBROUTINE CONTOR AT A H_IGHT O_ ,
IF?019
246HNUMBFR OF POINTS FXCEEDE_ ALLOWABLE NUMBER OF ,
_I_,/,
42]HFXECUTION CONTINUING ,//)
I01 FORMAT (28H FRROR IN SUBROUTIN_ cONTOR _/I11,
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121H=NUMRFR Or GRID ROWS ,I,IlI,
22_=NUMRFR OF GRID rOLUMNS ,/_F11,3t
3_H=nISTANC_ R_TWF_N cONTOUR LARFLS
42QH=FRFQUFNCY OF CONTOUR LARFLS _/,
521HFXFCUTTON T_RMINATFD ,// )
RETURN
ENn
_I,I119
$1BFTC STRK
SUpROUTTNc STRIKF(VI,V2tV39FH,PI,P2,1_R)
_IMCNSION VI(1),V2(1)_V3(II,PI(l},P2(I_,Q(_3)
DO 6 1=I,_
P1(I}=O,O
P)(I}=O.O
Q(I_])=V](I}
Q{II_}=V?(1)
6 Q(I,_I=V_(I}
1000 _ORMAT (IXg_FIO._)
TI=I
IF (Q(_,IT)-Q(_,J}) 1tI,2
? DO R L=19_
A=OIL_IT)
Q{L*II)=Q(LtJ)
O(L,J}=A
rONTINU_
1 CONTINUF
? CONTINUE
IFR=O
I_(Q(_t3).LT.FH.OR. Q(3_I).GT.FH) R_TURN
IF(Q(3tl).FQ,FH.AND.Q(3t2)._Q.FH.AND.Q(3t3).EQ.FH)
4
P!It)=(Q(1,1)-Q(1,_l)_÷Q(I_11
Pl(_)=FH
IF (0(2_1) ,NF° FH) GO TO
I_ (Q(_2) .NF° FH) GO TO 6
P?I1)=Q(l_21
P?I_)=Q(?*2)
RFTURN
Tr IO{3_?) .o_T° rH) GO TO
P?I1)=IQI]_?)-QII_)}_+Q(1_?)
P_I_)=FH
RFTURN
IFR=I
P_(1)=PI(1)
P_(?)=P1 (2)
P?(_I=FH
RETURN
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RETURN
A=(FH-Q(_,I))/(Q(_,I)-Q(_,?})
P?(11=(Q(1,1}-Q(1,?}}*A÷Q(191)
P?(P)=(Q(2_])-Q(2,?})*A÷Q(?9]}
P?(_)=FH
IFR=?
RETURN
EN_
$1RFTC
12
I0
PO
16
!o
_0
17
MARK
SUPROUTINE LAR_L(H)
COMMON ILAR /NT3,NF3,NT3_Z(2560),KON(3400},NT2,NF2,NT2_U(34n_)-
1V(_400)
T?=5
II:I?+1
DTS:O,O
T_:I1+l
T_ (Tl+a .G
mO 10 12:IS
IF (KON(I?}
nTS:_IS+SQR
II?:I2-1
IF (_IS .LT° 270.0}
IM:(II2+II)/_
InIF:(II2-1])/?
IF (IDIF .LT. ?) GO
_0 ?0 J=I,IDIF
IL=IM-I
IU=IM+J
T. NT2) _0 TO 9q
,NT?
.FO. O) GO TO II
T((U(T2)-U(T2-1})**2+(V(I2)-V(I?-I)I**2)
GO TO 12
TO 12
_IS:SQRT((U(IUI-U(IL)}*w?+fV(IU)-V(IL})**p}
IF (DIS ,GT, 68,0) GO TO 16
CONTINUF
GO TO lP
Tg=IL+l
DO IQ JJ=IS,IU
KONIJJ)=O
R_ALP=IO.OF+IO
IF (U(IU)-U(IL) .N¢. 0.0) RcALM=(v(Iu)-v(IL)}/(U(IU)-u(IL))
ANGL=ATAN(REALM}
R=(DIS-68.O)/2.O
£:&B,O+R
IF (U(TU) .GT. U(TLI} _0 TO _0
II:IU
IU=IL
IL=II
XP=(R*U(IU)+S*U(IL)I/DIS+6.B*SIN(ANGL)
YP=(R*V(IU)+S*V(IL))/DIS-5.B*cOS(ANGL)
DO I_ JJ:],_
ND=S-JJ
IF (A_S(HI .LT. 10.0"*(JJ-111 _0 TO ]7
CONTINLI_
CONTINUE
IXP=XP
IYP=YP
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q9
CALL LABLV(HtlXPtIYPgNDtltS)
GO TO t_
RETURN
FNn
$ORTGTN
$IB_TC MOD6
97
qR
ALPHAgSYSUT2tR_W
4
160
SUBROUTINE BWNDR_
_TMCNSION X(12,256},Y(12,256),MCHAN(lp)_NN(
_IMFNSION NWHICH(]_)
N_McLIST/TNPUT6/NScANSgNSTARTtNSPSgNcHtNVAR_NSYMtISt)MgNRTLG9
1MO_FgITYPF_MSFc _NSKIP_NBLKtINcxIINGytNSTXtNSTYtNcR_
NAMELIST/NCHUSF/NWHICH
EQUIVALENCF (NSCAN_NSCANS}
EQUIVALENCE (NSTRT_NSTART)
EQUIVALENCE (NCOL_NSPS}
EQUIVALENCE (NCHANtNCH)
ICARD=5
IPRINT=6
INTAPE=IO
IOTAPE=11
RrAD(ICARDtINPUT6)
WRITF (IPRINT_INPUT6)
RFAD{ICARD,NCHUSF)
WRTTE(IPRINT_NCHUSr}
FORMAT(IX_7141
FORMAT(1X,I?I1)
R_AOIICAROtS)IKSYM(1)tI=I_NSYM_
FORMAT(IXt6OAI)
NFLAG=O
AVr=ISUM
APOP=O,O
DXAV_=O,O
_YAV_=OeO
flZAV¢=O,O
NSAV=NSCAN
IF (NSKIP ,EQ. O} GO TO 98
_0 q7 I=1_NSKIP
CALL SKRBIN(INTAPE_I_NOP)
CONTINUE
CONTINUE
FORMATIIHI)
_ORMATISX,11111)
II=I
KK=NSTRT-I
IF(II,_Q,NSCAN) GO TO 510
II=II+]
NFLAG?=]
P56)_KSYM(49)_JSYM(
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KK:KK+I
IF(II.N_.2} GO TO )qO
DO 170 JJ:],NCOL
CALL GET6(X(I,JJ),NcOL,O,NCHAN,NSCANO,INTAPF,IFRR,NFLAG2,NSTRT,
]NRTLG,MODE,NCR_,ITYPE,MSF£)
170 CONTINUE
_QO CONTINUF
NFLAG_:I
DO _00 JJ=]gNCOL
CaLL GFT6(Y(],JJ)gNcOLtOgNCHAN,NScANOgINTAP_,IFRR,NFLAG2,NSTRT,
INRTLG,MODF,NCR_,ITYPF,MSFC)
_00 CONTINUF
DO _RO JJ=2,NCOL
IJ=JJ-I
X%IIM=OeO
Y_IIM=OeO
Z_IIM=O.O
_0 _60 ICHAN=],ISU_
IICHN=NWHICH(ICHAN}
XDIFF=Y(TICHN,JJ)-Y(IICHN_IJ}
YDIF_:Y(IICHN,JJ)-X(ITCHN_JJ)
XSUM=XSUM+XDIFF*XDIFF
YSUM=YSUM+YDIFF*YDT_F
ZSUM=ZSUM+XDIF_*YDT_
_0 CONTINUF
XSUM=XSUM/AVF
YSUM=YSUM/AVF
ZSUM=ZSUM/AVF
APOP=APOP+I.0
AA=I.O/APOP
_B=I.0-AA
DXAVF=BR*DXAVF+AA*Y_UM
_YAVC=BR*_YAV_+AA*XSUM
_Z_V_=BB*DZAVF÷AA*Z_UM
XSUM=SQRT(XSUM)
IF (XSUM ,LT. _.4) GO TO _65
_64 XSUM:5_.O
Y_IIM:51.O
GO TO _&6
_6_ CONTINUE
YSUM=SORT(YSUM)
IF (YSUM .LT. 5_._) GO TO _66
GO TO _64
!&6 CONTINUF
CALL JNTPB(YSUM,XSUM,NFLAG_O_O,KSYM(_},NPOP,
_DXAVE,DYAV_
_7AV_
IJJ,NSCAN,II,NCOL_J_YM_X_NSTRT,NN,INCX)
NKCAN:NSAV
_0 CONTINUF
DO 500 JJ:]_NCOL
DO 4qO ICH4N=I,ISUM
IICHN=NWHICH(ICHAN}
X(IICHN_JJ)=Y(IICHN,JJ)
_0 CONTINU_
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KO0 CONTINUE
GO TO 160
510 CONTINUE
NFLAG=I
CALL JNTPB(YSUMgXSUMtNFLAG,O,OtKSYM(3),NPOPt
?DXAV_,DYAVEt
1JJ,NSCANtIItNCOL,JSYMtXtNSTRTtNNtINCXl
REWIND IOTAPF
REWIND INTAPE
C CALL CLEAN
RETURN
END
$I_FTC PLOTT6
SURROUTINF LAncL6(NSTARTtNSTOPtINCR_
_IM_NSION IOUT(I_O)
N_TF=(NSTOP-NSTART+?I/INCR_
II=O
DO I I=NSTART*NSTOP,INCRE
II=II÷1
IOUT(II)=IIIO00
CONTINUE
WRTTF (6t10] (TOUT(T)tI=_tN_T_
II=O
DO ? I=NSTART,NSTOP,INCRE
!!=II÷]
IOUT(II)=IIIO0-111000*IO
7 CONTINUE
WRTTF (6,]0) (IOUT[I},I=I,N_Ir)
I0
II=O
_0 _ I=NSTART,NSTOP,INCRF
II=II÷1
IOUT(II)=I/]O-IIIO0_]O
CONTINUE
WRITr (6,10) (IOUT(I),I=],NDIF}
II=O
DO 4 I=NSTART,NSTOP,INCRE
II-II÷1
IOUT(II)=I-II]O*IO
IF (lOUT(Ill .L_. 0 ) TOUT(TII=O
CONTINUE
WRITF (6,10} (IOUT(II,I-],N_IF}
FORMJT (11X,17011)
RETURN
FND
$1qCTC _CTnA6
SumROUTINF GFT6(DATA,NSPS,NSKIP,NcPw,NsCANO,IRw,IERR,N_LAG2,
INSTARTtNBTLG,MODF,NcRF,ITYPc,MSFc )
DIMENSION DATA{I),N_AT(890)
DATA NFLAGfOI
I_ (NFLAG .NE. 0 ) _0 TO I_
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40!
4O?
50
1000
In
!4
N_CANO=O
NTFMP=(NCRF-1 )_NCPW
NL=_6-NRTLG
NRLNG=36/NRTLG
NFLAG=I
NSTMP=(NSPS+NSTART-I)_NCPW+MSFC_Iq
NS£ANS=N_TMP
NTMP=NSTMP/NBLNG
NSTMP=NSTMP/NBLNG_NRLNG
IF (NSTMP .LT. NSCANS) NTMP=NTMP+I
N_EANS=NTMP
IF (NSKIP .FQ. O) GO TO 402
DO 401 I=],NSKIP
NSCANO=NSCANO+I
CALL SKRBIN (IRW,I,RD )
CONTINUF
CONTINUF
CONTINUF
IF (NFLAG2 .tO. O} _0 TO 10
CONTINUE
M=(NSTART-I)_NCPW+MSFC_Ig
IF (MODF .EQ. I) GO TO 50
CALL REDTPR (IRWgMODE,IERR,NW,NSCANS,NDAT}
GO TO 51
cALL R_TPC (TRW,MOn_,TFRR,NW,NScANS,N_AT)
CONTINU_
fORMAT (IX,16)
NNW=NW _ &
NFLAG?=O
NSCANO=NSCANO+I
CONTINUF
DO 1_ NN:I,NCPW
IR:M+N_LNG
In=I_/NRLNG
IF:IR-NBLNG*ID
IRIT=NBTLG*IF
M=M+I
I_ (ITYP_ .FQ. I) _O TO 15
NDATA=O
tALL FLn(N_ATA,NL,N_TL_,I_IT,N_AT(TOII
_ATA(NN)=N_ATA
GO TO !A
CONTINUF
_ATAN=O.O
CALL FLD(DATAN,NL,NRTLG,IBIT,NDAT(IDI)
DATAINN)=DATAN
CONTINUE
M=M+NTEMP
R_TURN
PNO
$1R_TC JOINT
SUBROUTINE JNTPB(DATAH_DATAV,NFLAG,MIX,MIY_ALPNUM_NPOP,
)_XAV_,DYAVF,
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m
_D?AV_9
IJJ,NSCAN
nIM_NSION
DIMENSION
OTMENSION
DIMENSION
DIMENSION
nIMENSION
nIMFNSION
tTScANtNcOL91SYM,NX,NSTRT,NN,INCXY)
INCXY(1)
NP(54t5_)
DATA(I?)
IBIN(?5_ )
ISYM(1),TQUIT(XO0)
NX(I),NN(1)
ALPNUM(I)tALPHA(]?O),cOR_X(_)
1060
1061
!067
1063
1066
]040
OOUBLF PRECISION A(?t?I,EIGFN(2_2)
INTEGER ALPNUMtALPHAtBLANK
DATA ASTRIK/IH_/
DATA XMARKIIHXI
DATA BLANKI6H I
DATA NFLAG4/O/
FORMAT(48X,25H_ATA SWITCH HAS OCcI)RRFn )
rORMAT(_gXt_OHJOINT PROBABILITY DISTRInUTION )
_ORMAT(1H1)
FORMAT(44XtlIH X-AXTS IS tI6t6Xt11H Y-AXIS IS ,216)
FORMAT (30Xt6HDXAVr=,r15.7,6HDYAVr=,FIS.796HDZAVF=tr15.7
_ORMAT(IH ,67H MAXIMUM PROBABILITY Off uNcOMMONALITY
IINUE EXCUTION ,?16)
]064 FORMAT(IX,26HSYMBOL N/SYMBOL
1065 _ORM_T(IIXt121(1H_),/tIIX,lH_,55X,SHPART
ltllX,121(1H_))
l_ (NFLAA4 .GT. 01 _0 TO 80
NFLG_=O
1000 FORMAT(1X,A?A1)
NFLG=O
NI=?
IRW=I
NFLGFN=O
IRT=11
DO 1 I=l,Sa
DO I J=ItS_
NP(I,J) =0
] CONTINUE
RFWIND IRT
RFWIND IRW
NFLAG_=I
nO CONTINU_
IF (NFLA_.GT. O) GO TO 1_
NC=_ATAV+].5
NR=DATAH+I.5
IF (NC .LT. ]) NC=I
IF (NR .LT. I) NR=I
NP(NR,NC)=NP(NR,NC)+I
I=_A*(NC-I)+NR
InTN(JJ)=I
I_ (JJ .LT. NCOL) GO TO 15
T_TN(1)=IBIN(?)
WRITF(IRW)(IBIN(II)_II=],NCOL)
15 CONTINUE
R_TURN
I_ CONTINUE
)
)
EXCEFDEr,_- fONT
,Tl,53X,IHe,/
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F"
C
C
1'7
1067
99
CONTTNUE
RSWTND TRW
IOPT:I
TN=?
TM=?
RHO:leOl(10,O_*5}
A(I,!):DXAVE
A(9,_):_YAVE
A(!,9):_ZAV_
A(_,I)=nZAV_
tALL DJrO_T(A,TM,IN,TOPT,RHO,FRR,_TGFN)
WRTTc(6,1067) A(I,]],A(I,2),_TG_N(I,I),FTG_N(I,2)
WRTT_(6,1067} A(2,]),A(2,21tFTG_N(2tl),FTG_N{2,2)
_ORMAT(IX,2FIS.7,]OX,2FIS.7)
DXAVF=I.OIA(I,1}
A(l_P}=FIGFN(29] )_XAV_
A(2tl }=FTGEN(]92)_YAVF
A(P,?]=FIGFN(2tP)_YAVF
DXAVF=EIGEN(I,I)_A(]t])+EIG_N(I,2)_A(2,1)
DYAVF=ETGFN(29])_A(It2)+FT_FN(2t2}_A(2,2)
+_TG_N(P,P}_A(p,I)
WRTTr(6,1066} DXAV_tDYAVFt_ZAVr
I=O
DO I_0 NC=],£4
DO 1_0 NR=],_4
T=I+l
IF (NP(NR,NC) .EQ. O) GO
XXX=NR*NR
YYY=NC_NC
ZZZ=NR*NC
SUM=_XAV_XXX+DYAV_YYY
+_7AVE_ZZZ
I_(SUM.GF.].O)GO TO ]15
NX(1)=O
GO TO 1_0
NX(T)=-]
CONTINUF
WRTT_(6,10_I ]
WRITe(6,1066} _XAV_,nYAVF,DZAV_
WRTTF(6,1064)
CALCULATF TABLE
MAXKNT=O
DO _ NC:I,_
nO ?_ NR:I,_
Tr (NP(NR,Nc) .GT.
CONTTNUF
IF (MAXKNT .LT. 46 ) MAXKNT=a6
NFACT=MaXKNT/k_
XXX=FLOAT(MAXKNT)/A6,0
NFAC=O
T_ (NFArT .LT. ]) N_ACT=I
TO 110
MAXKNT} MAXKNT=NP(NR,NC)
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1050
C
t_0_1
66
68
6_
91
64
1008
6_
1011
"tO_
WRITc(6,]O50) _LANK,NFAC
NCAC=NCAC+NFACT
hO 7_ I=I,46
WRITF(6,]050) ALPNUM(1),NFAC
FORMAT {3X,A6,6X,I&)
NFAC=NFAC+NFACT
CONTINUE
WRITF(6,106_)
PRINT DISTRIBUTION ON PAGE
CORnX(_1=O.O
CORDX(2)=CORDX(1)+60.O
_ORnX(3)=CORDX(])+110.O
FORMAT (IH])
DO 65 IEND=],54
NC=5_-IEND
DO 6_ I=1,Sa
ALPHA(1)=RLANK
CONTINUF
IF (NFLG .EQ. 11 GO TO 69
DO 68 I=!,54
IBIN(1)=O
CONTINUE
CONTINUE
DO 64 NR=;,_A
XX=FLOAT(NP(NR,NCI)
IF (NFLG .FOo 11 CO TO QI
I_IN(NR)=NP(NR,NCI
CONTINUE
IcAR=XX+II.OOI-I.01XXX)
IF {ICAR .GT, 46 ) ICAR=46
ALPHAINR)=ALPNUM{ICAR)
CONTINUF
rORnY=FLOAT(NC)
YMARG=XMARK
IF (NC .NE. 54-1_Nn/iO*]O) YMARG=ASTRIK
WRITF(6,]O08) CORDY,YMARG,(ALPHA(1),I=],54)
FORMAT(IX,FB°l,2X,AI,120AI)
CONTINUE
wRITF(6,1010)
WRIT_(6,10]I) cORnX(1),cORnx(2),cORnX(_)
_ORM_T (6X,FlO.4t50X,F]O.4,40XtFIO.41
NFLG=I
WRIT_(6,!0621
NSUB=I
LwFR=1
LOW=NSTRT
CONT INUE
NHI =LOW+I ?0-]
NuPPFR=LWFR÷] 20-1
IF (NUPPFR .GT, NCOL) NUPPER=NCOL
WRITr(6,1062)
CALL LARFL6ILOW,NHI,I)
DO I_I II=NItNSCAN
R_AD(IRW) (IBIN(JJ},JJ=I,NCOL)
nO 1_5 JJ=I,NCOL
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Ic_rK=IRIN(JJ)
JrH_rK=NX(ICHFCK)
IF (JCHFCK .NF. O) GO TO 117
ISYM(JJ)=ALPNUM(NSUR-I}
NN(JJ)=O
GO TO 13_
117 ISYM(JJ)=ALPNUM(NSUB)
NN(JJ)=-I
I_ CONTINU_
If (N_L_FN .NF, O} _0 TO 136
WRIT_(IRT) (NN(JJ),JJ=ItNCOL)
cALL PLT_F6(ISYMtNrOL,NBLK,INcXY(1),INcXY(2),INrXY(_),
IINCXY(_),NCRF}
116 CONTINUE
WRITF(6,!O_6) II,(ISYM(JJ),JJ=LWER,NUPPER)
lO_& _ORMAT(SX,16,12OAI)
10_ ¢ORMAT(IX,I6}
1_1 CONTINUE
NFLGFN:!
REWIND IRW
LWFR=NUPPER+]
LOW=NHI+I
I_ (NUPPER .LT. NCOL) GO TO 705
qq_ CONTINUE
1010 _ORMAT (llX,l_(1OHX__))
N_LGFN=O
RETURN
END
$1BFTC PLLT6
SuRROUTINE PLTBF6(ISYM,NN,NsQR,INCX,INCY,NSTX,N_TY,NCRE)
DIMENSION ISYM(]},N_UFFR(50)
DATA NFLAG/O/
DATA NFLAGI/O/
IF (NFLAG .NE. O) GO TO 10
CALL CAMRAV(15)
CALL BUTTV(])
I0 CONTINUF
IF (NFLAGI .NE. O) _0 TO 20
CALL FRAMEV(O)
NCOUNT=O
INCRX=NSTX
INrRY=NSTY
NFLAGI=I
IF (NFLAG .EQ. O) GO TO II
CALL APRNTV (INCX,INCYtNN,NRUFER,INCRX,INCRY)
INCRY=INCRY+INCX
INCRX=INCRX+IA_S(INrY}
NrOUNT=NCOUNT+I
II NFLAG=I
2O CONTINUF
NCOUNT=NCOUNT+]
DO ] I=1,50
NBUFFR(1):O
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CONTINUF
IA=O
DO ? I=I,NN
IBfIA+6
IC=IB/6
ID=IB-IC*6
I_-IO*6
IA=IA+I
CALL FLD(NBUFFR(IC)gIF,6t O,ISYM(1))
CONTINUE
CALL APRNTV(INCX,INcY,NNtNRuFFRtINCRx,INCRY)
INCRY=INCRY÷INCX
INCRX=INCRX+IABS(INCY)
IF (INCRX ,GF, 1023) NFLAGI=O
RETURN
_ND
$ORIGIN ALPHAtSYSUT2,RFW
$1BFTC NOD?
SuRROUTINE CLASFY
COMMON ILARIIXRAR(42,12),SIGMA(42_12)tROT{42,12,12)
cOMMON /LAB21XiI2)gALPHA(49),NsPs,NsCANS,NCHAN,LTg,LTlO_LTlltLTI2t
]LT]3,LT],IXXXtIYYY,
]NSTARTtNSTOPo
INRTLG,MODFtITYPE,MSrC,Ia,NCRF_
]NSKIPtINCX,INcYtNSTX,NSTY
NAMELIST/INPUT?/NPASS,NCLUST
NAMFLISTIINPUTAINSPS,NSCANS,NCH_ LT1,LT9,LTIO,LTll,LT12,LT13_
INSTART,NSTOP,NBTLG,MODE,ITYPE,MSFC,14tNCRE_NSKIP,INCX_INCY,NSTX,
1006
?NSTY,IXXX,IYYY
CQUIVAL_NCF (NCH_NCHAN)
RCAD{StINPUT?}
RFA_(StTNPUTA1
WRIT_(6,1NPUTA)
R_AO(591006) (ALPH_(II,I=It481
FORMAT(1X,60A11
KOUNT=NCLUST
NSCANS=NSCANS-_
INITCL=NCLUST+]
DO I I=],NPASS
CALL TRUcK(NcLUST,NPASS )
CALL SFQMRG (NCLUSTtKOUNTtINITCL
CALL CLASS (KOUNT t It NPASS
NCLUST=KOUNT
INITCL=KOUNT+I
CONTINUE
RETURN
END
)
)
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$1RFTC GFTr)A7
SUBROUTINE
I
_O!
402
50
51
I000
IO
]5
14
GETT(DATA,NSPS,NSKIP,NCPw,NSCANO,IRW,IERR,NFLAG2,
NSTART,NBTLG,MODE,NcRE,ITYPF,MSFC )
DIMENSION DATA(]),N_AT(BqO)
DATA NFLAG/O/
IF (NFLAG .NO. 0 } _0 TO 12
NSCANO:O
NTFMP:NCPW*(NCRE-])
NL=36-NBTLG
NBLNG=36/NBTLG
NFLAG:I
NSTMP=(NSPS+NSTART-])wNCPW+MSFC_lq
NqCANS=NSTMP
NTMP=NSTMP/NBLNG
NSTMP=NSTMP/NBLNG_NBLNG
IF (NSTMP .LT. NSCANS) NTMP=NTMP+]
NSCANS=NTMP
I_ (NSKIP .EQ. O} GO TO A02
DO Ahl I=IgNSKIP
NSCANO=NSCANO+I
CALL SKRBIN (IRW,I,RD }
CONTINUF
CONTINUE
CONTINUE
IF (NFLAG2 .FQ. O) GO TO I0
CONTINUE
M=(NSTART-I}_NCPW+MSFC_IQ
IF (MODE .EQ, 1) GO TO 50
CALL REnTPR (IRW,MODF,IFRR,NW,NSCANS,NDAT}
GO TO _1
CALL RE_TPC (IRW,MODF,IERR,NW,NScaNS,NDAT)
CONTINUE
FORMAT (IX,16)
NNW=NW_
NFLAG_=O
NSCANO=NSCANO+I
CONTINU_
DO IA NN=I,NCPW
IB=M+NBLNG
ID=IR/NBLNG
IF=IB-NBLNG*ID
IBIT=NBTLG*IF
M=M+I
I_ (ITYP_ .FQ. I) _0 TO 15
NDATA=O
CALL FLD(NDATA,NL,NRTLG,IBIT,NDAT(ID))
DATA(NN)=NDATA
GO TO 14
CONTINUE
DATAN=O.O
CALL FL_(DATAN,NL,NBTLG,IBIT,NDAT(ID))
DATA(NN)=DATAN
CONTINUE
M=M+NTEMP
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RETURN
END
$1RFTF PLOTT7
SU_ROUTIN_ L_B¢L7 (NSTART,NSTOP,INCRc
nIMFNSION IOUT(I_O)
N_TF=(NSTOP-NSTART+])/INCR_
II=O
DO I I=NSTARTtNSTOPtINCRE
II-II+1
IOUT(II)-IIIO00
1 CONTINUE
WRIT_ (6,10) (IOUT(1)tI=ItNDIF)
lifO
DO 2 ImN$TART,NSTOPtINCRE
If=If÷]
IOUT(II)=II]O0-1/IO00*IO
CONTINUE
WRIT_ {6,10) (IOUI(1)tI=I,NDIF)
II=O
DO _ I=NSTARTtNSTOPtINCRE
II=II+1
IOUT(III=IIIO-TI]O0*]O
CONTINUE
WRITr (6t10) (IOUT(II,I=I_NDIF)
II-O
DO 4 ImNSTARTtNSTOPtINCRE
II:II÷1
IOUT{II)=I-I/IO*]O
If (IOUT(II) .LE. 0 ) IOUT(II)=O
CONTINUF
WRITE (6t]O) (IOUT(I)tI=I,NnTF)
]0 FORMAT (11X,120I])
RETURN
FND
$1B_Tr
]0
PLLTT7
SUBROUTINE PLTRFT(ISYM,NNtNsQRtINCX,INCYtNSTXtNSTYtNCRF,
1NFLAGtNFLAG1)
DIMENSION ISYM(])tNBUFFR(50)
DATA NFLG/O/
IF (NFLG ,NE. O) GO TO 10
NFLG=1
CALL CAMRAV(_5)
CALL BUTTV(1)
NSQR=IO2411ABS(INCY+INCX)
CONTINUE
IF (NFLAG1 .NE. O) GO TO 20
CALL FRAMEV(O)
NCOUNT=O
INCRX=NSTX
INCRYmNSTY
NFLAGI=I
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_0
IF (NFLAG .FQ. O) GO TO ]I
CALL APRNTV (INCX,INCY,NN,NBUFER,INCRX,INERY)
INCRY=INCRY+INCX
INCRX=INCRX+IABS(INCY)
NCOUNT=NCOUNT+I
NFLAG=I
CONTINUF
NCOUNT=NCOUNT+I
DO 1 I=l,50
NBUFER(1)=O
CONTINUE
IA=O
DO ? I=I,NN,NCRE
IB=IA+6
Tr=I_16
ID=I_-IC*6
I_=ID*6
IA=IA+I
CALL FLn(NBU_FR(ICI,IF,6, O,ISYM(I})
CONTINUF
CALL APRNTV(INCX,INrY,NN,NRUFFR,INCRX,INCRY)
INCRY=INCRY+INCX
INrRX=INCRX+TARS(TNrY}
IF (INCRX .GF. 1024) NFLAG]=O
RETURN
END
$ORTGIN
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SUnROUTIN_ TRUcK(NCcNT,NPASS }
DIMFNSION NNACC(12,P56),MTARIII),IPRT(256),IPLOT(256}
DIMENSION NTBL(400)
cOMMON /LARI/XRAR(42,12),SIGMA(42,12),ROT(42,12,12)
COMMON /LAB2/X(12),NSYM(49),NSPS,NSCANS,NCHAN,LT9,LT10,LT]I,LT]?,
ILT13,LTI,IXXX,IYYY,
!NSTART,NSTOP,
IN_TLG,MODE,ITYPE,M_FC,14,NCRr,
INSKIP,INcX,INCY,NSTX,NSTY
NFLGXX=O
NFLAGX=O
RFWIND LTll
RFWIND LTI
NFLAG]=O
_FTN=O
IXIY=IXXX_IYYY
nO 10 I=I,IYYY
MTAB(1)=T
CONTINUF
DO 50 I=1,400
NTBL(1)=I
CONTINUF
DO 11 I=!,IYYY
R_A_(LTII) (NNAcc(I,JJ),JJ=I,NSPS)
UFIN=MFTN+I
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ll CONTINUF
NUP=NSPS-IXXX+I
NCNT=NCCNT+1
NFLAG=O
?O0 CONTINUE
ITI=MTAB(1)
DO 110 JJ=I,NSPS
IF (JJ .GT° NUP) GO TO 102
IJ=JJ
JI=JJ+IXXX-1
NZERO-O
IKNT=O
ISUM=O
JIJ=MTAR(1)
NTFMP= NCCNT+I
DO _01 I=IJtJI
DO 100 JIJ=I,IYYY
IIJ=MTAB(JIJ)
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104
IF (NNACC(IIJtl) °LE. NCCNT °AND. NNACC(IIJ.I) .NE° O) GO TO 102
IF (NNACC(IIJtl)) I02_]07t]06
IF {NNACC(IIJtl) .GT. NTFMP) NT_MP=NNACC(IIJ.I)
GO TO 100
NZFRO=NZFRO+1
CONTINUE
CONTINUE
IF (NZERO ,NE, IXIY} GO TO 105
DO 103 I=IJtJI
DO 104 JIJ=ItIYYY
NNACC(JIJ_II=NCNT
CONTINUE
CONTINUF
NCNT=NCNT+]
IF (NCNT .GT. 400) GO TO 9qq
GO TO llO
CONTINUE
DO 108 I=IJ,JI
DO 108 JIJ:I.IYYY
IF (NNACC(JIJ.I) .FO. O) NNACC(JIJ.I)=NTFMP
108 CONTINU_
GO TO 110
10_ CONTINUF
110 CONTINUE
DO 111 JJ=I,NSPS
IF (JJ .EQ. NSPS ) GO TO 111
Ir (NNACC(IIIgJJ) .LE. NCCNT) GO TO 111
IF (NNACC(III,JJ+I} .LC. NCCNT) GO TO 111
IF (NNACC(III_JJ) .LF. O) GO TO II1
IF (NNACCIIIItJJ+I) .LF. O} GO TO 111
IF (NNACC(IIItJJ) .EO. NNACC(IIItJJ+])) GO TO 11]
IJ=NNACC(IIItJJ)
JI=NNACC(III.JJ+I)
IF (JI °GT. 400 .OR° IJ .GT. 400) GO TO 111
IF (NTBL(JI) .GT. NTRL(IJ)I GO TO 125
NTRL(IJ)=NTBL(JI)
GO TO 111
105
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12_ CONTINUE
NTRL(JI)=NTBL(IJ)
111 CONTINUE
1007 FORMAT (IX,I6)
WRIT_(LT] } (NNACC(TTI,JJ},JJ=],NSPS)
IF (MFIN ,GE, NSCANS) GO TO 9_9
IYT=MTA_(])
R_AD(LT1]) (NNACC(TYItJJ},JJ=I_NS PS)
MFTN=MFIN+I
NTFMP=MTAB(1)
IYY=IYYY-]
DO 12] I=I,IYY
MTAB(I)=MTAB(I+]}
lPl CONTINUE
MTA_(IYYYI=NTFMP
GO TO 200
gga CONTINUE
DO ]22 I=2,1YYY
III=MTAB(1)
DO ]12 JJ=I,NSPS
IF (JJ .FQ. NSPS ) GO TO I]9
IF (NNACC(IIT,JJ) .LF. NCCNT) GO TO ]12
IF (NNACC(III,JJ+I) .LE. NCCNT) GO TO ]12
IF (NNACC(III,JJ} .LE. O) GO TO 112
IF (NNACC(III,JJ+I) .LE. O} GO TO 112
IF (NNACC(III,JJ) .EQ. NNACC(III,JJ+I}) GO TO 112
IJ=NNACC(III,JJ}
JI=NNACC(III,JJ+])
IF (JI .GT. 400 .OR. IJ .GT. 400) GO TO 112
IF (NTRL(JI) .GT, NTBLIIJ)I GO TO 176
NTRL(IJ)=NTBL(JI)
GO TO lip
126 CONTINUE
NTRL(JI)=NTBL(IJ)
112 CONTINUE
WRITF(LTI) (NNACC(ITI,JJ)tJJ=I,NSPS)
IP2 CONTINUE
END FILE LTI
RFWIND LTI
REWIND LTI]
REWIND LT12
WRITF(6,IO07) (NTRL(T)tT=I,400)
DO I]3 I=],aO0
IF (NTBL(1) .FQ. ]) GO TO ]I_
JI=I+1
IF (NTRL(JI) .NF. T) GO TO 11a
NTRL(JI)=NTBL(1)
IIA CONTINUE
]I_ CONTINUE
II-I
NTFMP=II
DO 116 I=2,400
T_ (NTRL(1)-NTRL(I-I)) l]?tll8tl]9
]19 T_ (NTRLII) .NF° I) GO TO llv
NTRL(I-II=NTFMP
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II=II+l
NTEMP=II
GO TO 116
118 NTBL(I-1)=NTEMP
GO TO _16
117 N=NTRL(t)
NTRL(I-1)=NTFMP
NT_MP=NTRL(N)
116 CONTINUE
NTRL(4OO)=NTEMP
NRITF(6t]O07) (NTRL(I)_I=I,400)
LWFR=I
LOW=NSTART
70K CONTINUE
NUPPFR=LWER+I?O-1
NHI=LOW+I?O-I
IF (NUPPER ,GT, NSPS ) NUPPER=NSPS
IDIF=NUPPER-LWER+]
WRITE(6,1005)
1005 FORMAT(IHI)
CALL LABEL?(LOWtNHIg])
_0 710 TI=I,NSCANS
RCAD(LT1) (NNACC(1,JJ),JJ=],NSPS)
DO 115 JJ=lgNSPS
IB=NNACC(]_JJ)
NNACC(]gJJ)=NTBL(IB)
115 CONTINUE
IF (NFLGXX ,GTe O) GO TO ]27
WRITF(LT12) (NNAcC(ItJJ)gJJ=ltNSPS)
177 CONTINUE
JI=O
DO 713 JJ=LWER,NUPPFR
JI=JI+l
N=NNACC(]tJJ)-(NNAcc(19JJ)-l)/45_45+2
IPRT(JJ)=NSYM(N)
IPLOT(JI)=NSYM(N)
711 CONTINUE
WRITE(691003) II_(TPRT(JJ),JJ=LWFR,NUPPFR)
CALL PLTBF7(IPLOTtI_IF,NBLK,INCX,INcYtNSTX,NSTY,
]NCREtNFLAGXtNFLAG1)
1003 FORMAT(4XtI691H_,]20A11
710 CONTINUE
REWIND LTI
NFLAGX=O
NFLGXX=I
NFLAGI=O
LWER=NUPPER+I
LOW=NHI+I
IF (NUPPFR =LTe NSPS ) GO TO 705
570 CONTINUE
NCCNT=NCNT-1
END ffILE LTI_
REWINO LT]2
REWIND LT1
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IXXX:IXXX-4
IYYY:IYYY-4
LT]]=13
RETURN
END
$ORIGIN
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I001
1002
1003
1004
1005
1006
I007
IOOR
I009
I010
101l
1012
1013
1014
1015
1016
1017
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SUBROUTINF SEQMRG(NCLUST,KOUNT_INITCL )
COMMON ILABI/XBAR(42,12),SIGMA(42,12),ROT(42_12,121
COMMON /LAR2/X(12},ALPHA(49;_NSPS,NSCANS,NCHAN,LT9,LTIO_LTIl,LTIV_
LTI3,LTI,IXXX,IYYY,
NSTART,NSTOP,
NBTLG,MODF_ITYPE,MSFC_I4_NCRE,
NSKIPtINCX,INCY,NSTXgNSTY
DOUBLE PRECISION A(12,]2),EIGEN(12,12)
DIMENSION MERG_(150),MPOP(150),NEXFC(20),C(_2,78},B(12,12)
DIMENSION COM(24)
EQUIVALENCE(COM(1)tNSPS)
FORMAT(IX,16,12F]O._)
FORMAT (IX,4HXRAR )
FORMAT(lX,16HDID NOT CONVERG )
FORMAT(IX,THICLUST= _I6t14NM_RG_(IcLUST)= ,16)
FORMAT (IX,SHRHO= ,EIS.?,5HERR= _E15.7)
FORMAT (IX,12FIO,4}
FORMAT(IX,1216)
FORMAT (IX,23HMERGING WILL TAKE PLAC_ )
FORMAT(IH )
FORMAT (13H cOV. MATRIX )
FORMAT (I_H NORM FIGFN }
FORMAT (IBH P.A. COV. MATRIX )
FORMAT(IH ,6HASUM: ,EIS.7,THCLUSTER,14)
FORMAT(IX,28HXRAR(I,J),J=I,12),I=I,KOUNT )
FORMAT (IX,29HSIGMA(19J)gJ=1,12)_I=1,KOUNT )
FORMAT(IX,55HROT(I,ICHAN,JcHAN),JCHAN:l,12),ICHAN=I,12),I=I,KOI_NT
) )
FORMAT (]X,16,(12FIO.3))
_ORMAT (IHI)
NFLG:O
CZFCH:FLOAT(NCHAN)-_.O
IF (CZECH .LE. 0.0) CZECH:I,O
REWIND LTIO
REWIND LTI2
RHO=].O/(IO.O**_)
IF (NSKIP .FQ. O) GO TO 6
DO ? I:I,NSKIP
CALL SKRBIN(LTIOtl,NOP)
CONTINUE
CONTINUE
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DO 5 ICLUST=]tNCLUST
MERGF(ICLUST)=ICLUST
CONTINUE
IM=NCHAN
WRIT_(6,]O]7)
IN-IM
IOPT=]
DO 10 ICLUST=INITCLtNCLUST
IF (NFLG .GT. O) GO TO 11
IF (KOUNT .GF. 42 ) GO TO
KOUNTmKOUNT+I
IFLAG-KOUNT
CALL FETCORIIFLAG, Ct
WRITF(6J]OO])
11
MPOPtNFLGtINITCL
WRITE(6tIO00) IFLAGt(XRAR(IFLAGtI)_I=1t12)
MI-I
MJ=I_
MK=I?
DO 500 MM=ltI2
WRITr(6tIO00) IFLAGt(C(IFLAG_MR)_MR=MI,MJ)
MI=MJ+I
MJ=MJ+MK-MM
CONTINUE
CALL AMTRX (IFLAG,XBAR,C,AgNCHAN)
WRITE(6gIOO8)
WRITE(6,1009)
WRTTc(6,IOOS) ((A(MIgMJ)t_J=i,i2k,_I_I.,I;}
CALL DJCORI (A,IM_INtIORT_RHO,ERR,EIGFN)
WRIT_(6o7004) RHOtFRR
WRITF(6,IO05) ((A(MI,MJ),MJ=l,12),MI=]_12)
WRITE(6_IOO8)
WRITF(6glOO5} ((FIGFN(MI,MJ)*MJ=lt12),MI=1,12}
IF (ERR .EQ. 0o0) GO TO 15
MFRGE(ICLUST)=O
KOUNT=KOUNT-I
WRITE(6,100_)
GO TO 10
CONTINU_
CALL ROTA (IFLAGtROT,EIGENgNCHANtAgSIGMA)
MffRGF(ICLUST)=KOUNT
WRITE(6tlO03) IcLUSTtMFRGE(ICLUST)
MPOP(KOUNT)=MPOP(ICLUST)
Iff (KOUNT ,EQ° ]} GO TO 10
MCLUST=KOUNT-I
O0 20 ICHFCK=I,?O
NFXFC(ICHFCK)=O
CONTINUE
MCHECK=I
DO 25 JCLUST=lgNCLUST
IF(MFRGE(JCLUST).LT.MCHECK)GO TO 25
MCHECK=MCHECK+]
IF (M_RGC(JCLUST} ,FQ° KOUNT) GO TO 26
JrLAG=MFRGE(JCLUST)
DO 30 ICHAN=I_NCHAN
X(ICHAN}=XBAR(JFLAG 9ICHAN)-XBAR(KOUNT,ICHAN)
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CONTINUE
IFLAG=KOUNT
CALL KCHFCK{IFLAG,
WRITE(6,] 008)
WR IT_ (6,1 012 }ASUM, JFLAG
IF (ASUM .GT. cZECH) GO
IFLAG=JFLAG
CALL KCHECK(IFLA6,
WRITE(6,IO08)
WRITEI6,]OI2)ASUM,JFLAG
IF {ASUM .GT. CZFCH) GO
NFXFC(II=NEXFC(])+]
NSUR=NEXR£(]I÷I
NFXFC(NSUR)=JFLAG
CONTINUE
IF (NEXEC(I} .FQ. O} GO TO
DO 501 KK=],NSUB
WRITE(6,1006) KK,NEXEC(KK)
CONTINUE
MSUB=NEXFC(II+I
TOTAL=MPOP(KOUNT)
DO gl IRUN=2,MSUB
NSUB-NEXEC(IRUN)
SUM=MPOP(NSUB}
TOTAL=TOTAL+SUM
CONTINUE
INUM=O
DEN=MPOP(KOUNT}
DO 35 ICHAN=I,NCHAN
ROT,X,SIGMA,ASUM,NCHAN)
TO 25
ROT,X,SIGMA,ASUM,NCHAN)
TO 25
10
X(ICNANI:XBAR(KOUNT,ICHAN)*DFN/TOTAL
DO 40 JCHAN=ICHAN,NCHAN
INUM-INUM+I
B(ICHAN,JCHAN}=C{KOUNT,INUM)*DEN/TOTAL
CONTINUE
CONTINUE
DO 45 IRUN=?,MSUB
NSUB=NEXEC(IRUN)
INUM=O
DEN=MPOP(NSUB}
DO 50 ICHAN=I_NCHAN
X(ICHAN)=X(ICHAN)+XBAR(NSUB,ICHAN)*DEN/TOTAL
DO 55 JCHAN=ICHAN,NCHAN
INUM-INUM+I
R(ICHAN,JCHAN)=m(IrHAN,JCHAN}+C(NSUB,INUM)*DEN/TOTAL
CONTINUE
CONTINUE
CONTINUE
DO 60 ICHAN=I,NCHAN
DO 65 JCHAN=ICHAN,NCHAN
A(ICHAN,JCHAN)=B(ICHAN,JCHAN)-X(ICHAN}*XIJCHAN)
A(JCHAN,ICHAN)=A(ICHAN,JCHAN)
CONTINUE
CONTINUE
WRITF(6,1OOQ)
WRITE(6,1005) ((A(MI,MJ},MJ=1,12},MI=1,12)
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DJCOBI(A,IM,IN_IOPT,RHO,ERR,EIGEN)
RHO,ERR
((A(MItMJ),MJ=],I2),MI=],l?)
CALL
WRITE(6tl 004)
WRITr(6tIO05)
WRITF(6tl 008)
WRITF(6tIO05) ((FIA_N(MItMJItMJ=I912)tMI=l,12)
IF (FRR .NE. 0.0) GO TO 10
WRITF(6,]O07)
IFLAG-NEXEC(?)
MPOP(IFLAG)-TOTAL
INUM=O
DO 70 ICHAN=I,NCHAN
XRAR(IFLAGtICHAN)=X(ICHAN)
DO ?S JCHAN=ICHAN,NCHAN
INUM, INUM+]
C(IFLAG,INUM)=B(ICHAN_JCHAN)
CONTINUE
CONTINUE
CALL ROTA (IFLAGtROTgEIGENtNCHAN_AtSIGMA)
DO 80 JCLUSTm|,NCLUST
_O 85 IRUN=?_MSUB
NSUR=NEXFC(IRUN)
IF (MERGF(JCLUST) .NE. NSURi GO TO 85
MFRGF(JCLUST)=IFLAG
CONTINUE
CONTINUE
M_RG_t!CLUST}-IFLAG
IF(NFXEC(1)eFQ.I)GO TO 94
ISW=O
JCHECK=I
DO 90 JCLUST=I,NCLUST
IOUM=MERGE(JCLUST)
IF(MERGE(JCLUST),LT,JCH6CK)GO TO 90
IF(MFRGE(JCLUST)°GT,JCHECK)GO TO 92
IF(ISW.EQ.I)GO TO ql
JCHECK=JCHECK+I
IF(JCHFCK°EQ°KOUNT)GO TO q8
GO TO 90
MFRGE(JCLUST)=MERG_(JCLUST)-I
ISW=I
GO TO 91
IF (JCHECK .GT° KOUNT) GO TO 94
ISW=O
INUM=O
MPOP(JCHECK)=MPOP(I_UM)
DO 95 ICHAN=]tNCHAN
XBAR(JCHECKtICHAN)=XBAR(IDUMgICHAN)
SIGMA(JCHECK,ICHAN)=SIGMA(IDUM_ICHAN)
DO 100 JCHAN=ICHANtNCHAN
INUM=INUM+I
CiJCHECK,INUM}=C(IDUM,INUM)
ROT(JCHECK,ICHAN,JCHAN}:ROT(IDUM,ICHAN,JCHAN)
ROT(JCHFCK,JCHAN,ICHAN)=ROTiIDUMtJCHAN,ICHAN!
CONTINUF
CONTINUE
DO 96 LCLUST=]tNCLUST
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514
6"_0
640
650
6OO
660
IF(MFRGF(LCLUST).NF,IDUM)GO TO 96
MERGE(LCLUST)=JCHECK
CONTINUE
JCHECK=JCHECK+]
CONTINUE
KOUNT=KOUNT-NEXFC(1)
CONTINUE
CONTINUE
WRITF(LT9) (cOM(1),I=I,24)
WRITF(LTg) ((XBAR(I_J),I=I,KOUNT),J=I,12)
WRTT_(LT9) ((SIGMA(19J),I=I_KOUNT),J=I,I?}
WRITF(LT9) (((ROT(I,ICHAN,JCHAN),I=I,KOUNT),ICH_N=I,NCHAN},
]JCHAN=I,NCHAN)
WRITF(6,_013)
DO 510 I=ltKOUNT
WRITF(6,]O00) I,(XBAR(ItJ),J=1,12)
CONTINUE
WRITE(6,]O]4)
DO 511 I=ltKOUNT
WRIT_(6,IO00} I,(ST_MA(I,J},J=],]2)
CONTINUF
WRITF(6_I015}
DO 512 I=I,KOUNT
WRITE(6,1016) I,((ROT(I,ICHAN,JCHAN)tJCHAN=l_12},ICHAN=l,12}
CONTINUE
DO 513 I=I,NCLUST
IF(MFRGE(I}.GT.KOUNT)GO TO 514
WRITF(6,_15)I,MERGF(I}
FORMAT(IXtTHCLUSTFR,I4_IX,5HCLASSgI4}
CONTINUE
CONTINUE
DO 660 I=ltKOUNT
DO 620 ICHAN=ItNCHAN
DO 610 JCHAN=I,NCHAN
R(ICHAN,JCHAN)=ROT(19JCHANtICHAN)/SIGMA(I,ICHAN}
CONTINUE
CONTINUE
DO 650 ICHAN=],NCHAN
DO 640 KCHAN=I,NCHAN
SUM=O.O
DO 610 JCHAN=I,NCHAN
SUM=SUM+ROT(191CHAN_JCHAN)Ws(JCHAN_KCHAN)
CONTINUE
A(ICHANgKCHAN)=SUM
CONTINUE
CONTINUE
WRITE(6,600) I
FORMAT(IX,13HCLASS ELLIPSE,14)
WRITF(6tIOO5) ((A(IA,JA)_JA=I,NCHAN),IA=ltNCHAN)
CONTINUE
REWIND LTQ
RFTURN
END
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GETCOR
SUBROUTINE FETCOR(IFLAG,CtNPOPtNFLGgN )
COMMON /LABIIXBAR(42oI2)_SIGMA(42912)tROT(42,12tI2)
cOMMON /LAB21X(12),ALPHA(49)tNSPS_NScANS,NCHAN_LT9,LT1O_LT1],LT12t
LTI3,LTItIXtIYt
NSTARTtNSTOPt
NRTLGtMODEglTYPE_MSFCgI4tNCRE9
NSKIPglNCXtINCY_NSTX,NSTY
DIMENSION NPOP(1)tC(42,78),NDAT(255!
DATA NCNT/O/
INUM=O
NFLGI-O
NFLG_=O
DO 5 ICHAN=ItNCHAN
XBAR(IFLAG,ICHAN)=O,O
DO 10 JCHAN=ICHAN,NCHAN
INUM=INUM+I
C(IFLAG_INUM)=O,O
CONTINUE
CONTINUE
KNT=O
CONTINUE
IF (NCNT ,GE. NSCANS) GO TO 70
NFLG?=O
READ(LTI?)(NDAT(JJ)_JJ=ItNSPS)
NCNT_NCNT _]
NFLG!=I
NFLAG?=I
DO _ JJ=I,NSPS
CALL GET7 (X(1)_NSPStO_NCHAN_NSCANO,LTIOtTERR_NFLAG2t
NSTART_NBTLGoMODF_NCRE_ITYPF_MSFC )
I_ (NDAT(JJ) ,NE, N) GO TO 30
KNT=KNT+3
NFLG_=I
AI=FLOAT(KNT)
INUM=O
nO ?5 ICHAN=],NCHAN
XBAR(IFLAG_ICHAN)=(],O-I,0/AI)_XBAR(IFLAG,ICHAN)+X(ICHAN)/AI
DO 26 JCHAN=ICHAN_NCHAN
INUM=INUM+]
C(IFLAG,INUM)=(I,0-1,0/AI)*C(IFLAGtINUM)+X(ICHAN)tX(JCHAN)/AI
CONTINUE
CONTINUE
GO TO ?0
CONTINUF
IF (NFLG_ ,FQ. 1) _0 TO 20
IF (N_AT(JJ) .NE. N+I) GOTO 20
NSAVzNCNT
NFLG_=]
CONTINUE
WRTT_(6,]O00) NCNTgKNT_NSAVgNBcKUPtNgNFLG29NFLG_
_ORMAT(1X_TIB)
IF (NFLG? ,NF, O) GO TO _0
IF (NFLG_ ,FO, O} GO TO _0
NBcKUP=NCNT-NSAV+I
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CALL BSR_CD(LTIO,NRcKUP*I49RE}
CALL BSRFCD(LT12,NBcKUPgRF}
NCNT=NSAV-I
NPOP(N)=KNT
N:N+I
R_TURN
CONTINUF
REWIND LTI0
REWIND LTI2
NFLG:I
RFTURN
END
$1RFTF TRXAM
SUBROUTINE AMTRX(IFLAG,XBAR,C,A,NCHAN)
DIMENSION XBAR(42,12)_C(42,78)
DOUBLE PRECISION A(12,12)
INtlM=O
DO I ICHAN=I,NCHAN
nO 2 JCHAN=ICHANtNCNAN
INUM=INUM+]
A(ICHAN,JCHAN)=C(IFLAG,INUM)-XBAR(IFLAG,ICHAN)*XBAR(IFLAG,JCHAN:
A(JCHAN,ICHAN)=A(ICHAN,JCHAN)
2 CONTINUE
1 CONTINUE
RFTURN
END
$IRFTC ATOR
SuRROUTIN
DIMENSION
DIMENSION
DOUBLE PR
nOURL_ PR
DO I ICHA
SIGMA(IFL
E ROTA(IFLAG,ROTgEIGEN,NCHAN,A,SIGMA)
ROT(A2,1_,I2)
SIGMA(42,12)
FCISION A(12,12)
FCISION FI_FN(]2,]2}
N=I,NrHAN
AGgICHAN):A(ICHAN,I_HAN)
r)O 2 JCHAN:I,NCHAN
ROT (IFLAG, ICHAN, JCHAN )=E IGEN (JCHAN, ICHAN )
CONT INUE
£ONT INUE
ReTURN
END
$1RFTF
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KCEHCK
SUBROUTINE KCHFCK (IFLAG, ROT,X,SIGMAgASUM,NCHAN)
DIMENSION ROT(42,]2,]2),SIAMA(42,I2},X(1}
DO I ICHAN:I,NCHAN
_IIM:OoQ
DO _ JCHAN=IgNCHAN
SUM=SUM+ROT(IFLAG,ICHAN,JCHAN}_X(JrHAN}
CONTINUF
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ASUM=ASUM+SUM*SUM/SIGMA(IFLAGtICHAN)
CONTINUE
RPTURN
ENn
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_RAVO_SYSUT2,REW
SUBROUTINE CLASS(NCLASStNTESTgNPASS )
cOMMON /LABl/XRAR(42t12)*SIGMA(42.]2)_ROT(42,12,12)
rOMMON /LAB2/X(12),ALPHA(4?),NSPS,NScANS,NCHAN,LT9,LTlO,LT1],LTI?,
LT]I,LTI_IXtNDUMMY9
NSTART,NSTOP,
NpTLGtMODE,ITYP_,MSFC,14,NCRF,
NSKIP,INCX,INCY,NSTX,NSTY
DIMENSION W(]2),MTA_(3)
DIMENSION NDAT(255t3),PRNT(255}
DIMENSION COM()4)
_QUIVALFNCE(COM(]),NSPS)
REWIND LTQ
REWIND LT]O
REWIND LTI
REWIND LTI2
REWIND LT13
NFLAGI=O
LTt=I
IF (NPASS .NED NTFST)
CZFCM=NCHAN
IF (NSKIP .CO. O) _0 TO
O0 607 I=I,NSKIP
CALL SKRBIN(LTIO,],NOP)
CONTINUE
CONTINUE
RFAD(LTq)
RFA_(LTQ)
RcAD(LT9}
RFAD(LTq)
LT]=LT13
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(COM(1),I=I,24)
((XRAR(T,J),I=I,NcLASS),J=],12)
{(SIGMA(?,J},I=I,NCLASS),J=],I_}
(((ROT(I,ICHAN,JCHAN),I=],NCLASS)gICNAN=],NC_AN),
IJC"AN=i,NCHAN)
DO I I=],3
MTAB{I)=I
DO 10 IEND=I,NSCANS
R_AD(LT]2) (NDAT(I,I),I=],NSPS}
NFLAG2=I
O0 20 ISUBN=],NSPS
tALL GCTT(X(I_,NSPS,O,NCHAN,NScANO,LTIO,IFRR,NFLAG2,
INSTART,NBTLGgMOD_,N_RE,ITYPF,MSFC )
IF (NDAT(ISUBN,1) ._T. 0 } N_AT(ISURN,1)=O
S_ALL=I.75_CZECH
DO 2_ ICLASS=],NCLASS
DO 30 ICHAN=]_NCHAN
W(TcHAN)=X(ICHAN)-X_AR(ICL_SS ,ICH_N}
CONTINUE
_UM=O.O
_0 !5 ICHAN=],NCHAN
SUM=O.O
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DO 40 JCHAN=ItNCHAN
SUM=SUM+W(JCHAN}_ROT(ICLASStICHAN,JCHAN)
_0 CONTINUE
41 ASUM=ASUM+SUM_SUM/STGMA(ICLASS,IcHAN).
_ CONTINU_
I_ (ASUM .GT. SMALL) GO TO 25
SM_LL=ASUM
NnAT(ISUBN,])=ICLASS
2_ CONTINUE
]Of& _ORMAT(IX,3169_IO,))
?0 CONTINUP
WRIT_(LT])(NDAT(I,I),I=I,NSPS)
!0 rONTINU_
END FILE LTI
RFWIND LT]
RFWIND LT12
REWIND LT]O
I_ (NPASS .NE, NT_ST) GO TO 804
DO 610 IZ=],NSCANS
IY=MTAR(1)
R_ADILT]) (NDAT(IAgTY),IA=I,NSPS}
NTFMP=MTAB(1)
MTAB(1)=MTAB(2)
MTAP(p)=MTAR(_)
MTAR(1)=NTEMP
I_ (IZ .LT. _) GO TO 610
DO 6)0 IA=NSTART,N_TOP
I_ (IA ._0. l) GO TO 6)0
I_ (IA+I .GT. NSTOP) GO TO 6_0
TIY=MTAR(_)
IM=MTAB(1)
IN=MTAB(P)
M=NDAT(IA,IM)
N=NDAT(IA-I,IN)
I_ (_ °Nr° N) GO TO 650
IL=MTAR(_)
L=NDAT(IA_IL)
I_ (_ .NF. L) GO TO 6_0
Nn_T(IA,IIY)=M
GO TO 6PO
6_0 IM=MTAB(1)
M=NDAT(IA-191M)
IN=MTAB(!)
N=NDAT(IA-I,IN)
I_ (_ .NO. N) GO T_ 6_0
L=N_AT(IA+IgIM)
IC (_ .NF. L) GO TO 620
Nn_T(IA,IIY)=M
6pO CONTINUF
IF (IZ .LT. _) GO TO 610
L_MTAR(1)
WRTTc(LT11) (N_AT(T,L)_I=],NSPS)
&10 CONTINU;
L=MTAR(1)
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_0_
_00
100"7
80_
1008
801
_0_
WRTTc(LTI_) (NDAT(TL,L),IL=I,NSPS)
CONTINUE
CONTINUE
RFWIND LTI
R_WIND LTQ
RFWIND LT]_
RFWIND LTIO
LOW=NSTART
LwFR=I
CONTINUF
NHT=LOW+I_O-I
NUPPFR=LWER+I?O-1
TF (NUPP_R .GT, NSPS ) NUPP_R=NSPS
I_IF=NUPPER-LWFR+I
WRITF(6olO071
FORMAT ( 1 H1 )
CALL LARFLT(LOWgNHI91 )
DO 801 II=],NSCANS
RFAD(LTI_ ) (NDAT ( JJ,1 ) ,JJ=1 ,NSPS)
_0 80_ JJ=LWER,NUPPFR
Iq=NnAT(JJ,11
IRND=IB-(TB-])I45*A_+?
PRNT{JJ)=ALPHA(IRN_)
CONTINUE
CALL PLTBFTIPRNTILWFR),IDIF,NBLK,INCX,INCY,NSTX,NSTY,NCRE,
iNFLAGX ""L''')
WRIT_(6,10081 IT, (PRNT(JJ),JJ=LWER,NUPP_R)
FORMAT(4X,I6,1H*,I2OA1)
CONTINUE
RrWIND LTI3
NFLAGI=O
NFLAGX=O
LwFR=NUPPER+]
LOW=NHI+]
IF (NUPP_R ,LT, NSPS ) GO TO RO0
CONTINU_
N_CANS=NSCANS-7
R_TURN
END
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